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FDAAPPROVED INDICATIONS

Drug Manufacturer FDAApproved Indications
acalabrutinib |AstraZeneca |A Treatment of adults with mantle cell lymphoma (MCL) treated wiH. prior
(Calquenc@)* therapy
A Treatment of adult patients with chronic lymphocytic leukemia (CLL) or
lymphocytic lymphoma (SLL)
bosutinib Pfizer A Newly diagnosed chronic phase (CP) Ph+ CML
(Bosulif@) A Treatment of chronic, accelerated, or blast phase Rhtonic myeloid leukemi
(CML with resistance or intolerance to prior therapy
busulfan AsperiPrasco |A Palliative treatment of chronic myelogenous (myeloid, myelocytic, granulo
(Mylerar®®  |LA leukemig
chlorambucil |AsperiPrasco [A Treatment of chronic lymphatic (lymphocytic) leukemia, malignant lympho
(Leukeran®) |LA including lymphosarcoma, giant follicular lymphomi y' R I 2R3 A
chlorambucil is not curative in any of these disorders but may produce clin
useful palliation
dasatinib BristokMeyers |A Treatment of adults with chroni@ccelerated, or myeloid or lymphoid blast ph
(Sprycel®) Squibb Ph+CML with resistance or intolerance to prior therapy includimgtinib Gleeveg
A Treatment of adults witiPh+acute lymphoblastic leukemi@[L) with resistance o
intolerance to prior therapy
A Newly diagsed adulipatients with Ph+ CML in chronic phase
A Treatment of pediatric patients with Ph+ CML in chronic phase
A Treatment of pediatric patients with newly diagnosed Ph+ ALL in combinatior]
chemotherapy
duvelisib Verastem A Relapsed or refractorghronic lymphocytic leukemia (CLL) or small lympho
(Copiktra®)® lymphoma (SLL) aftex prior therapies
A Relapsed or refractory follicular lymphoma (FL) afterprior systemic therapi€s
enasidenib Celgene A Relapsed orrefractory acute myeloid leukemia (AML) with an isocit
(Idhifa®} dehydrogenase (IDH2) mutationas determined with an FDépproved test
fedratinib Celgene A Intermediate2 or highrisk primary or secondary pegblycythemia vera opost
(Inrebick)® essential thrombocythemimyelofibrosis (MF)
gilteritinib Astellas A Relapsed or refictory adults with AML with a FLT3 mutatipmas detected by a|
(Xospat&®)® FDAapproved test
glasdegib Pfizer A In combination with lowdose cytarabinefor the treatment of newlydiagnoseq
(Daurismat)*° AML in adult patients who arek 75 years al or who have comorbidities thg
preclude use of intensive induction chemotherapy

ALL = acute lymphoblastic leukeni&VHD =toonic gaft versus host disease; CLL = chrdynigphocytic leukemiaCML =
chronic myelogenous (myeloid) leukemk; =follicular lymphomaGIST gastrantestinal stromal tumorsMCL =mantle

cell ymphoma MF =myelofibrosis;MZL =marginal zone lymphoma&h+= Philadelphia chromosome positiv@ét.L = small
lymphocytic lymphoma; TKI = tyrosine kinase inhibitor

* Indication approved under accelerated approval basedselect clinical markergContinued approval for this indication

may be contingent upon verification and description of clinicaldfigin confirmatory trials.

W Busulfan intravenous is FDA approved for use in combination with cyclophosphamide prior to allogeneic bone marrow
transplantation; oral busulfan may sometimes be utilizedlaffel as part a preparatory regimen for hematopaiestem

cell transplant. The use of busulfan as a preparatory regimen for bone marrow transplantation will not be covered in this
review.

5 A list of Food and Drug Administration (FBfAproved companion diagnostics can be
https://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/ucm301431.htm

found at
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FDAApproved Indicationgcontinued)

Drug Manufacturer FDAApprovedIndications
hydroxyurea |generic, Briste]A Resistant CML
(Hydrea®} |Myers Squibb [A Locally advanced squamous cell carcinomas of the head and neck (excluding
combination with concurrent chemoradiation
ibrutinib Pharmacyclics |[A  Mantle cell ymphoma (MCL) in patients who have recemgédorior therapy
(Imbruvica®y A CLLSLL
A CLLSLIwith 17p deletion
A 2 ftRSYaidiNI YQa YI ONR3If206dzf AYSYAL
A Marginal zone lymphoma (MZL) requiring systemic therapy and patient has ha
anti-CD206based therapy
A Chroric graft versus host disease (cGVHD) after failusg dftve of systemic therap
idelalisib Gilead A Relapsed chronic CLL in combination with rituximab in patients for whom ritu

(Zydelig®$ alone would be considerecparopriate therapy due to othecomorbities!
Relapsed folliculaB-cellnonl 2 R3I1T Ay Qa f &YLK2Yl Ay xLl
prior systemic therapied

Relapsed SLL in patients who have receig2grior systemic therapi€d

p>

imatinib generic,
(Gleevec®} |Novartis

Newlydiagnosed adult and pediatric patients with Ph+ CML in chronic phase
Patients withPh+ CML in blast crisis, accelerated phase, or chronic phase
failure of interferonalpha therapy

Adult patients withrelapsed or refractorfPh+ALL

Pediatric patientsvith newly diagnosed Ph+ ALL in combination with chemother

Adult patients with myelodysplasticmyeloproliferative diseasesssociated witl

plateletderived growth factor receptor (PDGFR)gene re-arrangements as

determined with an FDApproved test

Adult patients with aggressive systemic mastocytosithout the D816V it

mutation, as determined with an FD&pproved testor with c-Kit mutational status

unknown”

A Adult patients with hypereosinophilic syndrome and/or chronic eosinog
leukemiawho have theFIP1L4 5 D Cfusfon kinase (mutational analysis or F
demonstration of CHIC2 allele deletion) and for patients with hypereosino
syndrome and/or chronic eosinophilic leukemieho are FIP1L% 5 D Cfugion
kinasenegative or unknown

A Adult paients with unresectable, recurrent, and/or metastatic dermatofibrosarce
protuberans (DFSP)

A Patients with Kit (CD117positive unresectable and/or metastatic malign
gastrointestinal stromal tumors (GIST)

A Adjuvant treatment of adult patients following resectionkit (CD117positive GIST

I DD D>

p>

ALL = acute lymphoblastic leukeni&VHD =loonic gaft versus host disease; CLL = chronic lymphocytic leuk€ivla;=

chronic myelogenous (myeloid) leukemk;. =follicular lymphomaGIST ggastrdantestinal stromal tumorsMCL =mantle

cell lymphoma MF =myelofibrosis;MZL =marginal zone lymphoma&h+= Philadelphia chromosome positivet.L = small

lymphocytic lymphoma; TKI = tyrosine kinase inhibitor

* Indication approved under accelerated approval basedsetect clinical markersContinued approval for this indication

may be contingent upon verification and description of clinical benefit in confirmatory trials.

L A list of Food and Drug Administration (F@proved companion diagnostics can be found at

https://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/ucm301431.htm
Hydroxyurea is also available as a 200 mg, 300amd) 400 mg capsule under the brand name Droxia®. Droxia is indicated

to reduce the frequency of painful crises and need for blood transfusions in patients with sickle calaamkeo have

recurrent moderae to painful crises. Droxia will not be included in this review.

1 Idelalisib (Zydelig) is not recommended and is not indicated forlfivsttreatment for any patientldelalisib (Zydelig) is

not indicated and is not recommended in combination with amustine and/or rituximab for the treatment of FL.
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FDAApproved Indicationgcontinued)

Drug Manufacturer FDAApproved Indications
ivosidenib Agios A Adult patients with relapsed or refractory AML with a susceptible isoci
(Tibsovo®y dehydrogenasdl (IDH1) mutationasdetectedby an FDAapproved test

A Adult patients with newlydiagnosed AML who arg 75 years old or who ha
comorbidities that preclude the use of intensive induction chemotherapy w
susceptible IDH1 mutation, as detected byFRIDAapproved test

ixazomib Millennium A In combination with lenalidomide and dexamethasone for the treatmen

(Ninlaro®® multiple myeloma in patients who have receivegd prior therapy

lenalidomide Celgene A In combination with dexamethasone for the treatment of multiple myeloma

(Revlimid&y A As maintenance therapy for multiple myeloma following autolog
hematopoietic stem cell transplantation (autéSCT)

A Treatment of transfusiomlependent anemia due to lowr intermediae-1-risk
myelodysplastic syndromes associated with a deletion of 5qg cytoge
abnormality with or without additional cytogenetic abnormalities

A Treatment of mantle cell lymphomafter relapse or disease progression afte
prior therapies, 1 of which imgdedbortezomib

A In combination with a rituximab product for the treatment of previously treate

A In combination with a rituximab product for the treatment of previously treg
MZL

melphalan generic, A Palliative treatment ofultiple myeloma
(Alkeran®¥ Apopharma A Palliation of norresectable epithelial carcinoma of the ovary
mercaptopurine |generic A ALL as a component of a combination maintenance therapy regimen
(Purixan®p2° | (tablets);

Nova

(suspension)
midostaurin Novartis A Newly diagmsed AML that is FLT3 mutatipositive as detected by an FH
(Rydapt@&} approved test, in combination with standard cytarabine and daunorub

induction and cytarabine consolidatitn

A Aggressive systemic mastocytosis (ASM), systemic mastocytosis with ass

hematological neoplasm (SMHN), or mast cell leukemia
nilotinib Novartis A Accelerated phase and chronic phaBb+CML in adult patients resistant to
(Tasigna®j intolerant to prior therapy that includednatinib (Gleevec)

A Newly diagnosedadult and pediatric patientsk 1 year of agewith Ph+CML i
chronic phase

A Treatment of chronic phase Ph+ CML with resistance or intolerance to
tyrosinekinase inhibitor (TKI) therapy in pediatric patiens year of age

panobinostat  [NovartisSecura]A Treatment of multiple myeloma in combination with bortezomib 2
(Farydak®j dexamethasone in patients who have receivegd2 prior regimens, includin
bortezomib and an immunomodulatory agé

ALL = acute lymphoblastic leukemi&VHD =hronic gaft versus host disease; CLL = chronic lymphocytic leuk€iva; =
chronic myelogenous (myeloid) leukemk,; =follicular lymphomaGIST gastrdntestinal stromal tumorsMCL =mantle
cell lymphoma MF =myelofibrosis;MZL =marginal zone lymphom&h+= Phiadelphia chromosome positiv&LL = small
lymphocytic lymphoma; TKI = tyrosine kinase inhibitor

* Indication approved under accelerated approval basedselect clinical markersContinued approval for this indication
may be contingent upon verificaticand description of clinical benefit in confirmatory trials.

L A list of Food and Drug Administration (FAproved companion diagnostics can be
https://www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/ucm301431.htm

** Midostaurin (Rydapt) is not indicated as a siradgent inductiortherapyfor the treatment of patients with AML.
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FDAApproved Indications (contiued)

Drug

Manufacturer

FDAApproved Indications

pomalidomide
(Pomalyst®}

Celgene

A

For use in combination with dexamethasone for patients with multiple mye
who have receiveek?2 prior therapies including lenalidomide and a proteasq
inhibitor and have demonstrated disease progression on or within 60 dg
completion of the last therapy

For the treatment of adults wittacquired immunodeficiency syndromalp9-
related Kapossarcoma (KS) after failure of highly active antiretroviral the
(HAART) as well as dr the treatment of KS in adults who areuman
immunodeficiency virusHI\)-negative

ponatinib

(Iclusig®p

Millennium

Treatment of adult patients witi3154positivechronic myeloid leukemia (CM
(chronic phase, accelerated phase blast phase) of 315¢positive Philadelphi
chromosome positive acute lymphoblastic leukemia (Ph+ALL)

Treatment of adult patients with chronic phase, accelerated phase, or
phase chonic myeloid leukemia dPh+ALL for whom no other TKI is indicatés

procarbazine
(Matulane®¥

Leadiant

For use in combination with other anticancer drugs for the treatmendtage 3
andstage4| 2R3I1TAYQa RA&SFAST dzaASR | &
mustard, vincristine, procarbazine, prednisone)

ruxolitinib
(Jakafi®y

Incyte

Intermediate or highkrisk MF, including primary MF, pegblycythemia vera M
and postessential thrombocythemisF

Treatment of polycythemia vera in patients who have had an inadeg
response to or are intolerant of hydroxyurea

Treatment of steroierefractory acute graftversushost disease (GVHD) in ad
and pediatric patients12 yearf age

selinexor
(Xpoviot)?®

Karyopharm

In combination with dexamethasone for the treatment of relapsed or refrag
multiple myeloma (RRMM) who have received pmior therapies and whog
disease is refractory tok proteasome inhibitors)x immunomodulatory
agents, and an anrttD38 monoclonal antibody

Treatment of adults with relapsed or refractory diffuse largeel lymphoma
(DLBCL), not otherwise specified, including DLBCL arising from fg
lymphoma, afterk2 lines of systemic grapy

thalidomide
(Thalomid®&y

Celgene

A

A

Treatment of newly diagnosed multiple myeloma in combination
dexamethasone

Acute treatment of cutaneous manifestations of moderate to severe eryth
nodosum leprosum (ENL)

Prevention and suppression ofitaneous manifestations of ENL recurrencg
maintenance therapy

ALL = acute lymphoblastic leukemi&VHD =hronic gaft versus host disease; CLL = chronic lymphocytic leuk€ivla;=
chronic myelogenous (myeloid) leukemk;. =follicular lymphomaGIST =gastrdntestinal stromal tumorsMCL =mantle

cell lymphoma MF =myelofibrosis;MZL =marginal zone lymphoma&h+= Philadelphia chromosome positivet.L = small

lymphocytic lymphoma; TKI = tyrosine kinase inhibitor

* Indication approved under accelerated approval basedselect clinical markersContinued approval for this indication

may be contingent upon verification and description of clinical benefit in confirmatory trials.

*Ponatinib (Iclusig) is not indicatethd is not recommended for the treatment of patients with newly diagnosed chronic

phase CML.

4 Shalidomide is not indicated as monotherapy for ENL treatment in the presence of moderate to severe neuritis.
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FDAApproved Indications (continued)

Drug Manufacturer FDAApproved Indications

thioguanine Aspen/Prasco LA|[A For remission induction and remission consolidation of acute nonlymphd
(Tabloid®p leukemia&®
tretinoin! generic A For remission induction in patients with acute promyelocyéiakemia (APL|
FAB classification M3 characterized by the presence of the t(1
GNIY yat20lGA2y | yRk2N) LINBaSyOoS 27
have relapsed from, or have a contraindication to anthracycline chemother
venetoclax AbbVie A Treatment of CLL or SLL in adult patients

(Vencleta®)® A In combination with azacitidine, decitabine, or lalwse cytarabine for th
treatment of newly diagnosed AML in adults who are age 75 years or ol(
who have comorbidities that preclude use of ingive induction chemotherapy

vorinostat Merck, Sharp §A Treatment of cutaneous manifestatioms cutaneousT-celllymphoma (CTCir)

(Zolinza®} Dohme patientswho have progressive, persistetr recurrent disease on or followirg)
systemic therapies

zanubrutinib Beigene A Treatment of adult patients with mantle cell lymphoma (MCL) who |

(Brukinsat )3 receivedx 1 prior therapy

ALL = acute lymphoblastic leukemi&VHD =hronic gaft versus host disease; CLL = chronic lymphocytic leuk€rivla;=
chronic myelogenous (myeloid) leukemk.; =follicular lymphomaGIST gastrantestinal stromal tumorsMCL =mantle
cell lymphoma MF =myelofibrosis;MZL =marginal zone lymphoma&h+= Philadelphia chromosome positivet.L = small
lymphocytic lymphoma; TKI = tyrosine kinase inhibitor
* Indication approved undeAcceleratedApproval based orselect clinical markersContinued approval for this indication
may be contingent upon verification and description of clinicaldfiin confirmatory trials.
88 Use of thioguanine (Tabloid) is not recommended for use during maintenance therapy of acute nonlymphocytic
leukemias or in other similar loAgrm continuous treatments due to high risk of liver toxicity. Response rateswistny
age and the prior treatments; combination chemotherapy including thioguanine results in more frequent remission
induction and longer duration of remission than thioguanine alone. Thioguanine is not effective for chronic lymphocytic
f Sdzl SYA I €lynpoRa inultigl€@myeloma or solid tumors. Although thioguanine has activity in the treatment of
CRCML, more objective responses are observed with other agents

Tretinoin is for the induction of remission only. The optimal consolidation or mainEnaegimens have not been

defined, but all patients should receive an accepted form of remission consolidation and/or maintenance therapy for APL
after completion of induction therapy with tretinoin.

Due to the infrequency of their usage in modern day robéherapeutic regimens, oral busulfan,

procarbazine melphalan and thioguanine will not be discussed in detail in this therapeutic class
review.

Many of the hematologic malignancies included in this therapeutic class review also have extensive
parenteraldrug therapy options in addition to the oral agents included in this review. This review will
focus on the role of oral agents in the management of these diseases.
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OVERVIEW

Leukemias

AcuteLymphocytideukemia (ALLp3®

ALL is the most common form dfildhood leukemia, with nearly 60% of patients diagnosed before the
age of 20. Approximately8% of cases of ALL are diagnosed at age 45 or older, @#hdf cases
diagnosed at 65 years or older. Overall survival (OS) outcomes for children with ALimpemesd
dramatically in the last decades such thayéar OS is estimated to be 89% in children. Unfortunately,
adolescents and adults do not fare as well with current therg@ed the current survival in this group

is only 20% to 40%Aside from patieh age, pognosis is also influenced by cytogenetic markers,
includingPhiladelphia chromosome positiyeh+) which has historically been associated with a poorer
prognosis in ALL. Standard therapy for the treatment of ALL is usually separated into. Jheeses
phases often include induction, consolidation, and maintenanDaily administration of oral
mercaptopurine(Purixan)s often included as part of a backbone treatment in the maintenance phase
of treatment.

Philadelphia chromosome positive (PhA)LI3"38

Ph+ ALL is rare in pediatric cases of ALL, occurring in approxin2é&telgf cases. In contrast,
approximately 25% of adult cases of ALL are Ph+1:P80 National Comprehensive Cancer Network
(NCCN)guidelines recommend incorporation of tgrosine knase inhibitor TK) in the frontline
regimen for Ph+ ALL as an established standard of care for adoldswmemtg adults and adult
patients. The TKI may be combined with either chemotherapy or corticosteroids depending on the
LI GASy G Qa | 3Ss foryp&Rientd vith2PND ALR AndafiniGleevec) dasatinib (Sprycel)
nilotinib (Tasigna)and ponatinib(iclusig have all been studied in combination with chemotherapy as
part of induction as well as maintenance regimetisr Ph+ ALL in bothdolescent/young adultsand

adult patients.The NCCN ALL guidelines also note bosu{Bdsulif)is an option butstate there is
limited data for thatparticular TKlin Pht ALLMutation testing for the ABL gene should be considered

as this mutation can confer greater resistance or susceptibility to a particular TKI. Pediatric patients
with Ph+ ALL are also candidates for TKI therdpne 2.2020 NCCN guidelines for pediatric ALL
gpecifically list combined treatment regimens containing imatinib or dasatin®. study by the

/| KAf RNBYy Q& hyO2ft23& DNRdzLJ 6/ hDO dziAf AT AyyRarA Y
eventfree survival of 70% (standard error, £ 12%) which is8apto historical controls prior to the
introduction of imatinib3°

Acute Myeloid Leukenai (AMLY%41

AML is the most common form of acute leukemia among adiilte median ageat diagnosis is 67
yearswith 54% of patients diagnosed at age 65 and olderevapproximately 30% are diagnosed at

age 75 and aboveCytogenetic analysis is of great importance with AML and provides information
NBEIFNRAY3I GKS LI GASYGQa 20SNrff LINRP3Iy2ara | yR Y
The 3.2020 NCCN guidelines regarding treant of adult patients with AML largely divide the
treatment optionsinto 2 age groupspatients < 60 years of age and patiem60 years of age. Of the

orally targeted therapies, only midostaurin (Rydapt) is recommended by the NCCN guidelines for use in
both these groups of patients. r@ midostaurinin combination with cytotoxic chemotherapyis
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recommendedas part of standard induction, consolidation, and poEnission therapies for patients
with FLT3nmutated AML(all category 2A).

The NCCN guidelineaclude enasidenib (ldhifa), glasdegib (Daurismo), ivosidenib (Tihsand)
venetoclax (Venclexta) in the management AML only for those patientsandg 60 yeas of ageln

this population, patientavho are candidates for intensive remission inductioertpy and who also
have unfavorablerisk cytogenetics may receive venetoclax in combination with hypomethylating
agents(HMA) (e.g., decitabine, azacitidine) or cytarabine (all category.Z&}ients agedx 60 years
who are not candidates for intensive remission induction or who decline intensive remission and are
without actionable mutations may be treated with combination of HMA or low dose cytarabine
(LDAC) along wittienetoclax(all venetoclax regimensategory 2Apreferred) or glasdegilplus LDAC
among other options (category 2A). Venetocpns HMAIs also listed as an option along wiingle
agentsenasidenib or ivosidenib for IDHRutated or IDHImutated AML, respectively (all category 2A).
For post-induction therapy in patients who have a response to lower intensity therapy, the lower
intensity regimen should be continued, including enasidenib (¥Didéated), ivosidenib (IDH1
mutated), venetoclax with either HMAor LDACor glasdegib withDAGall category 2A).

For patients with relapseftefractory AML who have IDH1 or IDH2 mutations, therapy \sitigle
agentsenasidenib or ivosidenjyespectivelymay be utilized (category 2A9nd for patients with FLT3
mutations, gilteritinib (Xospata) & category 1 recommendatiofihe guidelines note that these drugs
increase the risk for differentiation syndrome and hyperleukocytosis which may require treatment with
hydroxyurea and corticosteroids to mitigatdlthe NCCN guidelines note that in the evepit
relapsed/refractory disease after completion of consolidation, targeted therapies magdiarted if

the drugs were not administered continuously and not stopped due to the development of clinical
resistance.

In 202Q the American Society of Hemataolp published guidelines for the treatment of newly
diagnosed AML in older adultdThis guideline examined questions around the role of treatment for
older adults with AMlandthe intensity and length of treatment in this patient population. The general
conclusion of the panel of experts was thiatr older adults,treatment is recommended over best
supportive cargand moreintensive therapy is recommended over lesgensive therapy when it is
tolerable to the patient. Specific recommendations pertainiogogatients who are not appropriate for
intensive antileukemic therapy but who are able to receive treatment include a recommendation of
monotherapy (e.g.glasdegib, venetoclax) over combination therapy (conditional recommendation
based on low certainty)The guidelines further note that when these patients choose combination
therapy, there is evidence to support the us®ACin combination with glasdegib ant#lMA in
combination with venetoclax.

Acute Promyelocytic Leukem{@PL}?

APL is a subtype of AMWhile APL is an aggressive subtype of AML, advancements in treatment,
including the introduction of tretinoin, also known as-tins retinoic acid (ATRA), have greatly
improved survival in this diseasATRA in conjunction with other agents, most comnyoatsenic
trioxide 1V, constitute the preferred regimens for APL induction therdpye median age of APL
diagnosis (age 4¥learg is younger than the median age of diagnosis for other subtypes of AML. APL is
identified by the translocation of the PML geae chromosome 15 to the RARA gene on chromosome
17, which is referred to as either t(15;17) or APL WRilM.-RARAThe use of tretinoin causes cells
expressingPMLRARA0 undergo differentiation to mature neutrophils at a rate higher than normal
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cells. Pepheral blood neutrophils that expresBMI-RARArearrangements have been shown to
differentiate to normal neutrophils during treatment with tretinoitt. Treatment with ATRA plus
arsenic is associated with a risk for differentiation syndrome which may beacterized by fever,
shortness of breathand pleural or pericardial effusions. Patients at high risk for differentiation
syndrome (initial WBC > 10,0@@lls/imcL) should begin prophylaxis with corticosteroids with the
initiation of treatment. If prophylais is not initiated at outset, dexamethasone should be introduced as
soon as the patient develops any signs or symptoms of respiratory comprofisther unique
feature of APL compared to other subtypes of AML is the high risk of coagulopathy, whibbdmas
associated with a very high rate of early mortality in APL patients. As this is a curable disease, it is
imperative to start treatment with oral tretinoin as soon as a presumptive diagnosis of APL is made,
without waiting for molecular testing or cygenetics in order to decrease the risk of early death due to
coagulopathy.

ChronicMyeloid Leukemia (CML4p#6

CML comprises 15% of all adult leukem&sd while the median aget diagnosis is 67 years, CML does
occur in all age groups, including pediatric patieM®st patientswith CML possess a gene mutation
called the PhiladelphiéPh)chromosome. In tls genetic abnormality, &ranslocation ofchromosome 9
and chromosome 22ccurs[t(9,22)] As a result, the breakpoint cluster region (BCR) gene from
chromosome 22 is fused with the ABL gene on chromosonaa@this is referred to as th8CRABL1
fusion gene.

Three phases are used to clas€ifyll: these are chronic phase (CBcelerated phase (ARnd blast
phase (BP). While most patients are diagnosed in chronic phasethout treatment, CRCML will
eventually progressto ARCMLin about 3 to 5 years.Prior to the introduction of TKI therapies,
allogeneichematopoietic stencell transplant (HSCWas often utilized in suitable CML patients as a
potentially curative option.However, in the era of TKI therapgllogeneic HSCTis no longer
recommended as a firdine therapy and isisuallyreserved forCMLpatientswho are either refractory

or resistantto TKI therapyor who present with blast phase at diagnosidthough notdefinitively
curative the introduction of TKI therapy has radically changed the clinical course of TBBlprimary
goalof TKI therapy in GEML patientss to prevent progression to ABML or BREML Life expectancy
for patients withCRCMLwho are managed on a TKow approaches that of ageatched controls.

There are currently3 generations of TisImarketed for use in CML patients. The original, first
generation TKI isnatinib. Secondyeneration TKIs includgasatinih nilotinib, and bosutinib The only
third generation TKI currently on the marketgenatinib; however, the use of ponatinib is limited to
select patients due tthe risk of serious advee effects.

For patientsnewly diagnosed with Philadelphia chromosopasitive CML (Ph€ML) in the chronic
phase, the2.2021 NCCN clinical guidelines recommefdh NEG RS GOSNXNAY A Yy A(low,KS LJ
intermediate, or high risk) which aids in selection ohppropriate TKI therapy The Soka) Hasford
(Euro) or EUTOS loagrm survival (ELT$sk scoing systems areecommended.For lowrisk score
patients,imatinib (at a dose of 400 mg dailyjasatinil nilotinib, and bosutinibare all NCCNategory
1, preferred recommendationsFor patients with an intermediate or higisk score,all the second
generation TKlgjasatnib, nilotinib, and bosutinib are category, preferredrecommendations While
utilization of imatinib 400 mglaily is @ NCCN 2A, other recommended, option in this setting, the
second generation TKisre preferred over imatinidbecause longerm follow-up data from large
clinical trialshave showrhigher rates of molecular response and lower risk of disease gssgmwith
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second generation TKmpared to imatinib in intermediateand highrisk score patientsThis is
especially relevant in young women for whom the goal of achieving a deep and rapid molecular
response may facilitate eventual discontinuationTdfl therapy fofamily planningourposes.

Clinical response in CML is measured by standardized hematologic, cytogenetic, and molecular indices.
Hematologic response is defined as the normalization of peripheral blood so@ytogenetic
responses areefined by the percent of cells that are Ph+ in a bone marrow biopsy sample. Complete
cytogenetic response (¢R) is defined as the elimination of all Ph+ cells from the sample, while major
cytogenetic response (MR) is defined as fewer than 35% Ph+ c&dlsn in the sampleMolecular
response as measured by quantitative revers@nscription polymerase chain reactiogRCR
standardized across different laboratories using the International Scales(tB¢ most sensitive test to
monitor disease status

The preferred method for monitoring response to TKI theradyyigPCRIS) and should be conducted
every 3 months aftemitiating TKI treatmenfor at least 2 yeardPatientswho continue to show 20%
BCRABL1 (ISP months after starting TKI therapghould first be evaluated for compliance and/or
possible drug interaction®©nce compliance has been confirmed and drug interactions have been ruled
out, the drug treatmentoptions are to switch to an alternate T&l continue the same TKI. Patients
who were receiving imatinib may also recewe&oseincrease of imatinib (as tolerated to a maximum
of 800 mg daily)The NCCN guidelines ndteat somepatientswho fail toachieve<10% BCRBLL1 (IS)
at 3 monthsmay stll achieve aleclineto <10% BCRBL1 IS) by 6 months anthose patientstend to
havefavorable outcomesTherefore, patientswho have demonstrated a > 50BCRABL1 (ISjlecline
from baselingbut who are still minimally above the 10% threshatd3 monthsmay be well served by
not making drastic changes to the treatment strategy at this junctBegientswho continue to have >
10% BCRRABLL1 (IS) at 6 months or beyond should be switchedntalternate TKI and evaluated for
allogeneidHSCTMutational analysis shoulalsobe consideredas it may provide information regarding
specificpoint mutations that may beffectedby aTKI For example, dasatinjmilotinib, and bosutinib
are effective againstnost mutations resistant to imatinib The T31b mutation confers complete
resistanceo imatinib, dasatinib, nilotinipand bosutinil while ponatinib is indicated for the treatment
of patients with T315] mutationsThe NCCNjuidelines contain a list of contraindicated mutations to
specific TKls. Patients found to have thesetations should NOT receive treatment with bosutinib,
dasatinih or nilotinib in the secondine setting.Only ponatinib has no contraindicated mutations
listed. Patients who progress to APML whilereceiving TKI therapy have a worse prognosis than
patients who present with ARML. In ARCML, TKI selection is based on prior therapy and/or-BBIR
mutation profile.

In recent years, studies have examinée feasibilityof discontinuing TKI therapy for patients with-CP

CML who have maintained a sustained a deep molecular response. Several trials have shown that
approximately 40% of patients with a deep and stable molecular response who discoimtiatieib

remain diseasefree and are described as having treatmdrge remission(TFR) Discontinuation of
second generation TKlmcludingdasatiniband nilotinih has been studied in the STOP-2K trial*’

TFR rates at 48 months after TKI discontinuation is tiflal were 53.57% (95&enfidence interval [CI],

40.5% to 66.65%). No patients experienced progression t€MP while off therapyand all relapsing
patients regainednajor molecular respase (MMR) after restarting therapyThe NCCN guidelines list
several criteria whichall shouldbe met for a patient to be considered for TKI discontinuation. These
include adultpatients with no prior history of ARCML or BREML who have had a stable molecular
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response (BGR. [ m XX 5 dxn W :s asS{octidan2d\dn4 tests, performedk3 months apart
The guidelines also outline a monitoring schedule that should be conducted indefinitely after
discontinuation of TKI therapy.

Due to the relative rarity of CMUdiagnoses inpediatric patients, there are no evidencbased
guidelines specifically addressing the management of pediatric patients with CML. Protocols often
follow a similar treatment schema as thossilized in adult patients.Imatinib has been approved for

use innewly diagnosed @diatric patients with C'ZML for more than a decadand both nilotinib and
dasatinibsubsequentlyreceived approval for the treatment of newly diagnosed pediatric patients with
CRCML.

Lymphomas
Hodgkin Lymphom#HL}2

HLis most commonly diagnosed patientswho arebetween B and 30 years of agéhere are several
different subtypef HL and staginganges fromearly stage favorable tadvanced stage diseaddl is
now curable ink80% of patients. Given the high cure rates, treatment decisionsxave made with
considerable consideration given to avoiding ldagn toxicity with the prescribed regimen.
Historically, a standard regimen for the treatment of HLadults was MOPP (mechlorethamine,
vincristine, prednisongand procarbazine). However,®PP has been largely replaced in the frome
setting by other regimens that carry a lower risk of sterility and secondary leukemias. The most
common frontline chemotherapy regimefior adults (pediatric protocols may differ$ now ABVD
(doxorubicin, bleomycin, vinblastingnd dacarbazine). Other commonly utilized regimens include
Stanford V (doxorubicin, vinblastine, mechlorethamine, etoposide, vincristine, bleomgoic
prednisone) orescalated BEACOPP (bleomycin, etapmsioxorubicin, cyclophosphamideincristine,
procarbazineand prednisone).

Nonl 2RITAYQa [ e8¥RIK2YI & oO0bl [0

Lymphomas are aheterogeneousgroup of malignancies that originate in the immune cells
(predominantly Bcells andT-cells) of the lymphoid tiase. Leukemias and lymphomas are similar
diseases with overlapping characteristibost lymphomas involve tumor invasion of the lymph nodes
and other tissueswhile the malignant clone in most leukemias predominates in the bone maitow.
most commonpresentation of lymphomais that of a solid tumgrbut NHL can also present as
circulating tumorcells in the peripheral bloodNHLs are further classified into distinct clinical entities
based on morphology, immunophenotype, genetic featurasd clinicalfeatures B-cell lymphomas
are the most common type of NHL andmprise about 85% to 90% of BIHLs Al of the NHLs in this
review, with the exception of cutaneous-@ell lymphoma (CTCLare classified as mature-cll
lymphomas These includechronic lymphocytic leukemigCLD), small lymphocytic lymphom#&SLJ,
follicular ymphoma(FL, diffuse large B cell lymphom®LBC). marginal zone lymphoméJzL), and
mantle cell lymphom&MClL).

Chronic Lymphocytic Leukem{&€LL) SmallLymphocyticLymphoma(SL)5152

CLLs classified as NHL and is the most prevalent adult leukemia in Western countries. It is generally a
disease of the elderlyysually diagnosed around the age of y&ars A small percentage of patients
undergow A O K fradfakviation of their disease to an aggressive rdodgkirQ &/mphoma. The
treatment of CLL is highly individualized as some patients mayreqglyire observation and other
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patients may be candidates for cytotoxic or biologic therap@®d. and SLL are different masthtions

of the same disease. In Chlsignificantportion of theabnormal lymphocytearein the blood as well

as in he bone marrow In SL|thereis a relative lack of abnormal lymphocytes in the blpatstead,
abnormal lymphocytesare found predomirantly in the lymph nodes bone marrow and other
lymphoid tissues In the 1950s and 1960slkylating agentsincluding chlorambucil(Leukeran)
combined with corticosteroidsdbecame the standard of care for patients requiring treatment for CLL.
The role of chlorambucil in the current day management of CLL is either as monotherapy in older, unfit
patients or combined with aMCD20 antibodies

Cytogenetic abnormalitieincluding del13q,delllq or dell7p)detected in patients with CLL are of
prognostic significancdn addition, immunoglobulin heawshain variable (IGHV) mutational status is
an important predictor of survival outcomes. Unmutated IGHV is associated with pogngsis
compared with mutated IGHV. These genatiaracteristis, as well as age and comorbiditjesre
factors utilized in selecting the choice of therapy for patients with Thé current NCCN guidelines
stratify treatment selection based on th@resene or absenceof del(17p) which isassociated with
unfavorable outcomesPatients with de(17p) have an approximate 3ghonth overall survivalwhile
standard riskCLL patientanay have an overall survival approaching 10 yeé&tsTherefore, the
intensity of treatment regimensas wellaswhether the treatment is being utilized in thérst-line
setting or for relapsefrefractory diseasgvariesaccordingly

The NCCNV4.2020 first-line therapy recommendations includenonotherapy with ibrutinib
(Imbruvica)asa preferred, category 1 recommendatidor all CLL patients without del(17p) both
the firstline setting and in relapsédefractory diseas regardless ofage or comorbidities.In
addition, acalabrutinib(with or without obinutuzumah and venetoclaylus obinutuzumab aréoth
NCCN category 2A, preferraaptions regardless of age ocomorbiditiesfor first-line therapy of
patients without del(17p) as welChlorambucil monotherapis a category3 NCCN recommendation
for first-line therapy in patients with significant comorbidities & 65 years of ageWhen
chlorambucil icombined withobinutuzumabh it is acategory2Arecommendationin patients unable
to tolerate purine analogsthose with significant comorbiditiesor those aged X 65 years.
Lenalidomide maintenance may be considered for kigk patientsafter first-line therapy.

For relapsefrefractory disease in patients withoutel(17p) ibrutinib monotherapy,acalabrutinib
monotherapy and venetoclax plus rituximab are all category 1, preferred treatment options
regardless of age or comorbiditie$he combination of idelalisilplus rituximabor duvelisib are
category 2Apreferred regimes in this same patient populatiotdelalisib monotherapyvenetoclax
monotherapy and lenalidomide with or without rituximab are category 2A recommendatioa as
well. Lenalidomide is recommended for post secdime maintenance therapy (category 2A).

For CLLpatients who harbor the del(17p) cytogenetic mutation ibrutinib, acalabrutinib with or
without obinutuzumab and venetoclax plus obinutuzumadre all category 2Apreferred therapes
for first-line treatment.

For the treatment of relapséddefractory disease in patients with dell7prutinib, acalabrutinib
venetoclaxplusrituximab are all category 1, preferred treatmentsldlalisibplus rituximal duvelisib
and single agent venetoclax are category, pPeferred regimensOther recommended regimens
according to the NCCN guidelinesclude monotherapy withidelalisib and lenalidomide with or
without rituximab.
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Diffuse Large B cell lymphoma (DLBCL)

DLBCé are the most common type of lymphoma and account for 30% of all NHL. There are several
subtypes ofDLBCLincluding DLBCL arisifrgm follicular lymphoma (FLFome patientswith FLmay
undergo conversion to more aggressive lymphgpsaich as DLBCANd this risk increases over time
about 30% of FL patients convert to a more aggressive lymphoma at 10 yeafd pdisgnosis.

The B-cell lymphomaNCCN guideline¥4.2020 list selinexor (Xpovio) as an optidar DLBCLnot
otherwisespecified includingDLBCL arising from Efter at least 2 prior systemic therapiésategory
2A).

Follicular Lymphoma(FL¥>%¢

FL is the most commasubtype of indolent NHLndolent lymphomas make up about 25% to 40% of all
NHL and 70% of all indolent lymphomas are FL. Due to the indolent nature of FRietfian survivais
approximately8 to 10 years

The B-cell lymphomaNCCN guideline¥4.2020list lenalidomide plus rituximalas a category 2A,
preferred regimen inboth the firstline setting and the second or subsequerdine therapy.
Chlorambucil(Leukeran)with or without rituximab ¢ategory2A), is listed as dirst- or secondline or
subsequentherapy option for the elderly or infirnpatients with FLIdelalisibor duvelisibare second
line or subsequent therapgptions (category 2A) for FLpatients who arerelapsedrefractory after 2
prior therapies.

Mantle CellLymphoma(MCL)>"58

MCL, while technically classified as an aggressive lymphoma, pesstssacteristics of both indolent
and aggressive NHLBhe median overall survival is approximately 3 ydarsthere is no evidence of a
survival plateau, which ismilar to indolent lymphomasThe chromosomal translocation t(11;14) is
usually present in MCIMCLis highly resistant to conventional chemotherapy and yet displays an
aggressive disease course.

TheB-cell lymphoma\NCCN guidelineég4.2020indicate that lealidomideplus rituximab(category2A)

is one of several regimens thatay be utilized for induction therapyhen a less aggressive regimen is
indicated. In the secondine setting, patients who achieved a near complete response (CR) to
induction therapyand areplanning to proceed to HSCIEnalidomide with or without rituximab is a
preferred regimen.For other patients in the secodde setting, all of Bruton tyrosine kinase (BTK)
inhibitors, including acalabrutinib, ibrutinib (with or without rituximaland zanubrutinih as well as
lenalidomide with or without rituximajare listed as preferred options (all category 2A).

Marginal Zone LymphoméviZL}°

MZLs account for approximately 10% of all NHLsaaadyenerally divided into 3 subtypes, nodal MZL,
splenic MZlL.and the most common subtype, muceaasociated lymphoid tissue (MALT lymphoma).
Lenalidomide plus rituximab ismaNCCN category 2B recommendation for flise therapy ofMZLs
For elderly or infirm patients, chlorambucil with or withoutuximab mayalso be utilized in the first
line setting (category 2ABoth lenalidomidewith or without rituximab andibrutinib as a single agent
are NCCNv4.2020category 2Apreferred recommendatims for second and subsequentine therapy

of MZL.Idelalisib or duvelisib may be used in the secon@dnd subsequentine of marginal zone
lymphoma in patients who arelapsedrefractoryafter 2 prior therapies.
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CutaneousT-cell ymphoma(CTCL$)

CTCLs are a group of Ntithat primarily develop in the skiand sometimesprogress to involve lymph
nodes, blood, and visceral organs. The annual incidence of CTCL is estimated to belilljpmsr
persons. Mycosis fungoides (MF) is the most common type of CTCL, accounting for &loemt75%0

of CTCL casgeshile Sézary syndrome (SS) accountslfidito 3%of cases. MF is an extranodal NHL of
mature T-cells with primary cutaneous involvement and is characterized as an indolent neoplasm. SS is
an erythrodermic leukemic variant of CTCL and is characterized bficsighblood involvement and
lymphadenopathy. Median survival can range from 1.5 years to 10 years depending on certain
prognostic indicatorsincluding patient age, lymph noder visceral (stage 1V) disease, and peripheral
blood involvement.The 2.2020 NCCN guideline$or primary cutaneous lymphomasecommend
vorinostat(Zolinza)as a category 2A, preferred choifme those patients requiring systemic therapy of
CTCLsncluding MF or SS.

Dermatofibrosarcoma protuberarfd

Dermatofibrosarcoma protuberaris an uncommon tumor that arises in the dermis layer of the skin.
Thel.2020 NCCN guidelines no longer recommend consideration of imatinib in the adjuvant setting for
patients with positive margins postesection however, neoadjuvant imatinib may be comgred in
cases where the disease is unresectaldf®r recurrent disease, imatinib may be considered for
unresectable disease or ifnacceptable function or cosmetic outcomesuld occur with resection
Imatinib may also be utilizeith the setting of metasatic diseasgall category 2A recommendations).
The guidelines also state that tumors lacking the t(17;22) translocation may not respond to limatini
Molecular analysis of a tumor using cytogenetics may be useful prior to starting imatinib therapy in
thesepatients.

Gastrointestinal Stromal Tumors (GIS7)

The2.2020NCCN guidelindsr soft tissuesarcoma recommendimatinib for patients with GIST that is
definitively unresectable, recurrenbr metastatic ¢ategory 1). Imatinib is also recommended the
postoperative setting fopatients with GIST who have been completely resected but have a significant
risk of recurrenceand did not receive preoperative imatinib (category 2i) patients who were
completely resected aftethe receipt ofpreoperativeimatinib, adjuvant therapy @y be continued
(category 2A)Imatinib may also be utilized in patients with persistent gross residual disease after
surgery €ategory 2A). Mutational testing isstrongly recommended because patients with advanced
GISTs havefterent responses to imatinib based on detectable mutatioMhile mostKiTand PDGFRA
mutations are associated with a response to imatinib, certain variants have a much lower response
rate to imatinig a higher dose of imatinib may be warranted in these patients. If neiidmor
PDGFRAnutations are present, the likelihood of response to imatinib<i§0%. According to the
guidelines preoperative imatinib may prohibit accurate assessment of recuamsk and, therefore,
imatinib should onlybe consideredin the neoadjuvant settingf surgical morbidity would be reduced

by downstaging the tumor(category 2A)In addition, testing the tumor for mutation status is
recommended prior to starting preopative imatinib to ensure the tumor has a genotype that is likely
to respond to treatment Maximal response may require 6 months or more of imatinib treatment to
occur.
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Graft versus Host Disease (GVEfi}©°

Graft versus host diseas€GVHD)is an immunemediated diseasethat can result following
complications oHSC®® KA OK (G KS (NI} yaLXlyiSR OStfta o3aNITFGO
Organ systems most commonly impactey acute GVHD (aGVHBD¢lude the skinGl tract and liver

The Anerican Society for Blood and Marrow Transplantatioe-named The American Society for
Transplantation and Cellular TheraySTCTin 2019 publisheda clinical practice guidelini 2012
around the first and secondine treatment ofaGVHIP? These guidéhes state that corticosteroids are

the standard of care for the initial treatment alGVHDand note that the literature does not support

the choice of any specific agent for secondary therapy of aGWH&se guidelines were published
prior to the May 2019DA approval of ruxolitinib (Jakafi) for the treatment of corticostereftactory
aGVHDnN adult and pediatric patient 12 yearsof age In 2019, the NCCN published their first set of
clinical practice guidelines around HSCT. These guidelines address the clinical severity grading and the
treatment of GVHD. The NCCN guidelines concur withAtRECT guidelingbat there is insufficient
evidence to recommend a particular systemic agent over any othepébients with steroidrefractory
aGVHD.

ChronicGVHD(cGVHD)s generally an extension of acute GVHD that often develops more than 100
days after transplant, but it can also occur in thos¢haut acute GVHD. Symptoms include ocular
manifestations (e.g., burning, irritation, photophobia, pain), oral or gastrointesfagmanifestations
(e.g., food sensitivity, oral dryness, pain, weight loss), respiratory manifestatiergs, (vheezing,
dygonea, cough), and neuromuscular manifestations (weakness, neuropathic pain, muscle cramps).
The National Institutes of HealtNIH) has developed criterigdo assist indiagnosisof cGVHD.
Corticosteroids are most commonly the initial systemic therapy ehdar most patients with
moderate to severe cGVHBdjunctive supportive care may also be used (e.g., artificial tears, artificial
saliva).Ibrutinib was the first drug approved for cGVHD in patients who have faiet systemic
treatment, but many other therapies have been used d#bel and for primary or secondary therapy
(e.g.,low-dose methotrexate,mycophenolate mofetil[CellCept] sirolimus[Rapamune)]. The NCCN
guidelines also cite a lack of highality evidence for the secodte treatment ofcGVHDand they do

not prefer a specific therapy but rather encourage enroliment in a clinical trial.

Kaposi Sarconfd

Kaposi sarcoma (KS) is a malignancy of the endothelial cells and is characterized by cutaneous red or
brown papules often seen on the ler extremities.There are 4 types of KS. Classic KS presents with
cutaneous lesionsbut follows an indolent course. It is most common in elderly patients of
Mediterranean, Eastern European, Middle Easteand/or Jewish descent. Endemic KS tends to be
more aggressive than classic KS and occurs in younger patients (< 40 yeas wkl) as in children in
equatorial Africa. The third type of KS is iatrogenic and occurs in the setting of patients taking
immunosuppressive therapy (e,grgan transplant reipients). The fourth type of KS is seen in patients
infected with the human immunodeficiency virus (HIV). In these patientss i€8nsidered to be an
acquired immune deficiency syndrome (AHd8)ining cancer. The risk for developing KS is estimated
to be approximately 498old higher in HIVpositive patients compared to the generdhited Stated

(US population. Due to the improved treatment options availabie AIDS patients, the incidence of
this cancer has been declining.
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The NCCN3.2020guidelines for AlD&lated KS list pomalidomid@omalystlas a preferred systemic
therapy option for patients with relapsed/refractory disease and note that pomalidomide has been
FDA approved for the treatment of adult patients with Alietated KS aftefailure of higly active
antiretroviral therapy.

Multiple Myeloma (MM)?86970

Multiple myeloma is a malignant neoplasm of plasma cells that results in accumulation of plasma cells
in bone marrow which can lead to hypercalcemia, renal insufficienagema, andlytic bone lesions.
CtKA&a Oz2yaidsSttlrdAzy 2F STTSOM andas likelF an gicatbi®Fe@NNE F
organ dysfunction associated with MM. Immunoglobulin, produced by plasma cediglts in the
diagnostic Mprotein spike seen inmost MM patients through plasma or urine electrophoresis.
Multiple myeloma accounts fapproximately 1% of all hematologic malignancies in the, d&d the
median age of diagnosis is 69 years. Multiple myeloma is sensitive to a variety of cytmjerts, but

the disease is not considered curable with currently available drug therapy. The clinical course of MM
usually involves initial responses to chemotherapy, but these responses may be transient; thus, re
treatment with multiple rounds of therap with different agents may be required to treat relapse. The
5-year survival rate has increased in recent yersover 50%due to newer and more effective
treatments’! Overall survivahow is estimated to be 8 to 10 years among patients wiindardrisk
disease, buit is significantly lower in patients that exhibit higisk features’?

Initial therapy decisions regarding the primary treatment of MM are stratifiedvbgtherthe patient
is a candidate for future autologous HSCT. In tramggetigible patients, the use of stem cell depleting
therapies is avoided.

For transplanteligible patients, the 3 drug regimen bbrtezomib/lenalidomidé dexamethasonas an
NCCNV1.2021category 1 preferred recommendatiorfor initial therapy Other NCCN recommended
regimens that may be considered for primary therapy of MM in transplant candidates include
carfilzomib/lenalidomide/dexamethasone elaratumumab/lenalidomide/bortezomib/dexamethasone
(both category 2A) or ixazomib/lenalidomide/demathasone (category 2B). Classified as useful in
certain circumstances, bortezomib/thalidomide/dexamethasone is a category 1 recommendation.
Other regimens classified as useful in certain circumstances and rated as category 2A include
daratumumab/lenalidonde/bortezomib/dexamethasone, ixazomildcyclophosphamide/
dexamethasone, cyclophosphamide/lenalidomide/dexamethasone, daratumumab/bortezomib/
thalidomide/dexamethasone or dexamethasone/thalidomide/cisplatin/doxorubicin/
cyclophosphamide/etoposide/bortezomibThe NCCN guidelines state a preference foedrig)
regimens over 2lrug regimens as the standard of care for primary treatment. Howepagients who
could not be considered for initiation of treatment with ad8ug regimen can be started with ad2ug
regimen, with a third drug added once performance status improves.

The joint American Society of Clinical Oncology (ASCO) and Cancer Care Ontario (CCO) clinical practic
guideline for the treatment of multiple myeloma notes that for transplafigible patents the optimal

regimen and number afyclesremains unprovenbut at least 3 to 4 cycles of induction therapy with an
immunomodulatory drug, a proteasome inhibitaand steroids is advised prior to stem cell harvest.
Lenalidomide isaNCCNpreferred,category 1 recommendation for maintenance therapy for potential
transplant candidateswhile ixazomibalso is a category 1 recommendation but is not preferred.
Bortezomildlenalidomide may be useful in certain circumstances in the maintenance setting of
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patients who are potential transplant candidatéhe ASCO/CCO guideline notes a minimum of 2 years
of maintenance therapy is associated with improved survival and recommends this duration of therapy
whenever possible (evidence quality: high, benefit outwsidtarm; strength ofrecommendation:
strong).

For patients who are notransplant candidates, hie combination regimens of bortezomib
lenalidomidédexamethasong lenalidomidélow-dose dexamethasone and daratumumab

lenalidomidé dexamethasoneare all designatedpreferred, category 1 NCCN recommendatiofts

primary therapy Other recommended regimens utilized as primary therapy in ntansplant

candidates include ixazonfilenalidomidédexamethasone(category 2A) carfilzomildlenalidomide

dexamethasom (category 2A) or daratumumaldbortezomilimelphalardprednisone (previously
category 2Anow category L Cyclophosphamiddenalidomidd dexamethasonecategory2A) may be
useful in certain circumstances for myeloma patients who are not transplant candid@tes.
ASCO/CCO guideline notes initial treatment of 4ramsplant eligible patients should includat a

minimum, a immunomodulatory agent or proteasome ibftor plus a steroid if possible and

continuous therapy should be offered over fixddration therapy €vidence quality: high, benefit
outweighs harm; strength of recommendation: strong).

Singleagent lenalidomide is the preferred oral drug treatmentr fmaintenance therapy of MM
(category 1)andbortezomib/lenalidomide may be useful in certasircumstancegcategory 2A)

The ASCO/CCO guideline recommends all patients with relapsed myeloma who are exhibiting
symptoms should be treated immediately and that triplet therapy should be administered on first
NEfIl LJASE O2yGAy3aSyd dzZlRy GKS inddésiaSghinenawithi2anovel NI y |
agents (proteasome inhibitors, immunomodulatatyugs,or monoclonal antibodigqevidencequality.

high, benefit outweighs harpstrength of recommendation: strong). THéCCN also listgreferred
regimens for the treatment bprogressive or relapsed myeloma. Many of these combinations inelude
backbone of lenalidomide and dexamethasonecombined with either a proteasome inhibitor
(bortezomib [category 2A], carfilzomib [category 1], or ixazomib [category 1]) or daratumumab
(caegory 1).Additional NCCNpreferred regimens for previously treated myeloma patients include
ixazomib/pomalidomide/dexamethasone (category 2A) or bortezomib/pomalidomide/dexamethasone
(category }, both of whichwere previously rated asther recommendedegimens and are noMCCN
preferred regimens. Finally, isatuximalic/pomalidomide/dexamethasone is a category 1, preferred
regimen for patients with previously treated multiple myelomdanobinostatbortezomibl
dexamethasone is not listed as a prefermedjimen for previously treated MM patients but does have
an NCCN category 1 ratinganobinostat and pomalidomidebased regimensare also includedn
several regimens listed by the NCCN aker recommended regimen®r as useful in certain
circumstancesfor patients with previously treatedmultiple myeloma (all category 2A except
lenalidomide or pomalidomide combined with dexamethaspmehich are both category 1
recommendations) Single agent lenalidomide or pomalidomide may be considered for steroid
intolerant individuals in the setting of previously treated multiple myelotoategory 2A)Selinexor
combined with dexamethasone & category 2A recommendation that is listed asfukén certain
circumstancesandis indicated for patients who have received prior therapies and whose disease is
refractory tox2 proteasome inhibitorsx2 immunomodulatory agentsand an antCD38 monoclonal
antibody.
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Myelodysplastic Syndromes

Myelodysplastic syndromes are associated with profound cytopenias and patients are subject to the
morbidity associated with refractory anemia, neutropenia, and thrombocytopenia. According to the
2.2020 NCCN guidelines, there are numerous categories/subtypes of myelodysplastic syndromes. One
of these subtypes, chronic myelomonocytic leukemia (CMML), may be associated with2a 5q3
translocation. In this particular subset of patients, those identified tegess a platelet derived growth
factor betad t 5 D Gemé rearrangement may respond well to treatment with imatinib

Within the spectrum of myelodysplastic syndromes (MDS), the del(5q) syndrome is recognized by the
World Health Organization (WHO) as aa&gpe MDS category. This disorder generally has a relatively
good prognosis and is highly responsive to lenalidomide therapy.

Myelofibrosis (MF}*

The diagnosis of MF is based on the 20¥HO diagnostic criteria and requires patients to meet 3
major critere and>x1 minor criterion that are a combination of clinical, laboratory, cytogenetics, and
molecular tests. One of the major criteria is the presence of a pathogenetic mutation sukKas
These patients may also have palpable splenomegaly, anemid,swglats, weight loss, unexplained
fever, and diffuse bone pain. According to the2020NCCNyuidelines, treatment with ruxolitinibis
recommended forlower-risk MF patients who are symptomati¢category 2A) while ruxolitinib
(category 2Apr fedratinib (category 2B) may be utilized in patients who hawgher-risk MF and who
are not transplant candidateshave symptomatic anemjand have a platelet cour# 50,000/mn?¥.
Fedratinib may be used for patients who were previously treated with ruxolitinib etieer had no
response or a loss of respongeategory 2A)Patients should be monitored for clinically meaningful
response of their symptoms.

Polycythemia VerdPVY>®

Polygthemia vera, along with myelofibrosis and essential thrombocythemia tematopoietic
diseasescollectivelytermed myeloproliferative neoplasm@VPN) There are approximately48,000
patientsin the US with PVTheOS of patients diagnosed with a MPN is significantly worse than that of
matched controlsand thesediseases matransform into a more aggressive blastic MPN or Aiith

of which areassociated with a poor prognosi$AK2 V617F mutatiormecur in>90% of patients with
PV.The NCCN/1.2020guidelines for the management of PV recommend ruxolitifab high risk
patients (age

X 60 years and/or prior history of thrombosiswho have had an inadequate response or lack of
response to antiplatelet therapies, phlebotomy to maintain hematocrit < 4%4td preferred
treatment with hydroxyurea.

Systemic Mastocytosis

Systenic mastocytosis i$ of 3 subtypes of mastocytosik is defined as an accumulation of mast cells

in one or more organs and may include skin involvement. Systemic mastocytosis is the most common
form diagnosed in adultsThe other 2 types are cutaneousastocytosis which islimited to the skin
andmost frequenty occurringin children and mast cell sarcomahich presents as a solitary mass but

is extremely rare in humang 2017, the World Health Organization (WH@moved mastocytosis as

1 of the sibtypes of myeloproliferative neoplasms and listed it as a separate disease entity.
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The NCCN guidelinegl.2020list imatinib as a treatment for aggressive systemic mastocytasis
certain circumstances (only if KIT D816V mutation negative or unknowneositiophilia is present
with FIP1LAPDGFRA fusion gene)

2 | £ RSy aMabttdgsiinemid®

2 | £ RSy amadbgiobuiinemidymphoplasmacyticlymphoma (WM/LPL)is a Bcell disorder
presenting as bone marrow infiltration with lymphoplasmacytic cells that are CD19+, CD20+, and
CD22+. Thd.2021NCCN guideline recommends treating only those patients who are symptomatic.
These symptoms may include hyperviscosity, neuropatiignptomatic adenopathy or organomegaly,
amyloidosis, cryoglobulinemia, and cytopenias. Ibrutimiith or without rituximabis listed as an
option for primary treatment(categoryl), and ibrutinib with or without rituximab is acategoryl,
preferred reginen T2 NJ dzAS Ay LI GASyGa oK2 KIFI @3S NBOSAODSF
macroglobulinemiaUp to 40% of WM patients may have recurrent mutations in the CXCR4 gene and
certain CXCR4 mutations may confer resistance to ibrytithierefore, the NCCN gdelines
recommend consideration of CXCR4 gene mutatasiing for patients being initiated on ibrutinib
therapy.

No current US guidelines exist for the treatment of erythema nodosum leprosum, hypereosinophilic
syndrome, or chronic eosinophilic leukemia.

PHARMACO LO@Y&79,80,81,82,83,84,85,86,87,88,89,90,91,92,93,94,95,96,97,98,99,lOO,lOLlOZlO&
104

Traditional cytotoxic chemotherapy agents interfere with DNA synthesis and replication largely by
targeting rapidly proliferating cells. Thes$gpes of traditional cytotoxic chemotherapy agents lack
selectivity for tumor cells and are lethal to both tumor and normal cells. Although the rapid
proliferation of most types of cancer lends some degree of selectivity for malignant cells, the selectivity
is inomplete and dosdimiting damage to normal cells also occurs. Traditional cytotoxic
chemotherapy agents in this review includausulfan, chlorambucil, thioguaninegrocarbazine,
melphalan hydroxyureaand mercaptopurine

Hydroxyureaacts as a ribonucleate reductase inhibitor, which is the rateniting enzyme of DNA
synthesis Hydroxyureanhibits ribonucleotide reductase by binding to the M2 subunit and disrupting
the iron complex.Hydroxyureaexerts itseffects on cells in the $hase, especially inelis rapidly
synthesizing DNA.

Melphalan chlorambucil (Leukeran) and busulfan(Myleran) are all alkylating agerg and their
cytotoxicity appears to be related to interstrand crdssing with DNA

The precise mode of cytotoxicity associated with proeaibe has not been clearly defined. It appears
to inhibit protein, RNA and DNAsynthesispossibly by inhibiting transmethylation during RNA
replication.

Mercaptopurineand thioguanine(Tabloid)are purine analog that are closely related in both their
chemical structure and their functioning. These purine anakgsstitute for the purine base guanine

in RNA and DNONB I G Ay 3 & F ISimila® o otbel antBnetabblifedities® drugs aremost
active in the $hase of the cell cycldhe net effect of these purine base substitutions is a blockade of
the synthesis and utilization of the purine in the Diflication process.
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Thalidomide(Thalomid)and its analoguedenalidomide(Revlimid)and pomalidomidgPamalyst) are
classified as immunomodulatory agents. These agents inhibit the secretion ahffaammatory
cytokines and increase the secretion of anflammatory cytokines by monocytes. In addition, these
agents possess antiangiogenic properties andinguplastic activity®®> Thalidomide, the original
prototype drug in this class, inhibits angiogenesis due to inhibitiobasic fibroblast growth factor
(bFGIr and selectively reduces levels of tumor necrosis factor alpha-éip\ia) by accelerating the
degradation of TNFalpha messenger RNA encoding protein. Thalidomide also increases levels of
interleukin2 (1-:2) and interferoagamma, augments natural Kkillerlike activity and inhibits [E12
production.

Lenalidomide inhibits the phosphorylation of Akt response to bFGRhus reducing malignant
transformation and invasiveness by reducing cell growth, migraamal survival. Lenalidomide also
appears to cause cytogenetic changes that correlate with hematotegponsan patients with MDS.

Pomalidomie inhibits the proliferation of hematopoietic tumor cells and induces apoptosis.

Tretinoin is not a cytotoxic agentather, it induces cytodifferentiation of acute promyelocytic
leukemia (APL) cells. Tretinoin producesiratial maturation of the primitive promyelocytes derived
from the leukemic clone thus allowing repopulation of the bone marrow with normal hematopoietic
cells. The exact mechanism of action of tretinoin in APL is unknown.

The remaining agents included in thesview are broadly classified &sologic response modifiers or
signal transduction inhibitors. Many of these specifically inhibit a variety of tyrosine kirfsdesnces

in molecular biologyas well as the decoding of the human gengrhave identified a amber of
pathways and potential targets related specifically to cancer cell growth and sur@gaal
transduction inhibitors target intracellular signal transduction pathwalisese signal transduction
pathways are known to lead to uncontrolled celluggowth and proliferation, tumor metastasiand
prevention of apoptosis in malignant cells. Protein kinase inhibitors function by binding to the
adenosine triphosphate (ATP) binding site found on receptor andreoeptor tyrosine kinase
proteins. If theATP binding site is occupied by a protein kinase inhibitor, ATP is unable to bind and
hence cannot donate a phosphate group to the protein residue on the substrate and activate the
target protein. Therefore, activation of downstream signaling pathwags ¢ould lead to uncontrolled
tumor cell growth and differentiatiomre inhibited. Agents included in this review that can be classified
as signal transduction inhibitorgnclude acalabrutinib (Calquencelosutinib (Bosulif) dasatinib
(Sprycel)duvelisb (Copiktra) enasidenib (Idhifa)fedratinib (Inrebic)gilteritinib (Xospata)glasdegib
(Daurismo),matinib Gleeveg, ivosidenib (Tibsovo)ilotinib (Tasigng)ponatinib (Iclusig)ruxolitinib
(Jakafi) ibrutinib (Imbruvica) ixazomib (Ninlaro),midostaurin (Rydapt),venetoclax (Venclexta)
idelalisib zydelig, and zanubrutinib (Brukinsajelinexor (Xpovio) is a nuclear export inhibitor.

Ixazomib (Ninlaro) is a reversible proteasome inhibitor that has been shown to induce apoptosis of
multiple myeloma cells.

LONHzGIAYAOD OLYONHzBIAOI O AYKAOAGA . NUzi2y Qa Bdele NB a A
antigen receptor (BCR) that regulates mechanism&-oélls including proliferation, differentiation,
apoptosis, and cell migratiol¥® Ibrutinib forms a covalent bond with a cysteine residue in the BTK
active site, leading to inhibition of BTK enzymatic activigalabrutinib (Calquenc&)soinhibits BTK
mediated activation of downstream signaling proteins by forming a covalent bond avtysteine

residue in the BTK active sitéanubrutinib (Brukinsa) also inhibits BVik formation of a covalent

Oncology Oral, Hematologic Cancers RevigAugust 2020 M Il R
Page20 | Proprietary Information. Restricted AccesPo not disseminate or copy without approval. age an x
© 20102020 Magellan Rx Management. All Rights Reserved. MANAGEMENT..



02yR Ay (GKS 1AylFrasSQa FOGAG®S aAridSe 'ta | .¢Y AyK;/
B-cell proliferation and decrease tumgrowth in malignant cell lines.

Ruxolitinib (Jakafi), an oral kinase inhibitor, inhibits Janus associated kinases (JAKs) JAK1 and JAK the
mediate the signaling of a number of cytokines and growth factors that are important for
hematopoiesis and immuntinction. Similarly, fedratinib (Inrebic) inhibits JAK2 and Hid&Styrosine

kinase 3 (FLT3); it is considered JAK2 seledflyelofibrosis (MF) is a myeloproliferative neoplasm
associated with dysregulated JAK1 and JAK2 signaling.

Midostaurin (Rydapt)nhibits multiple receptor tyrosine kinases including wild type FLT3, FLT3 mutant
kinases (ITD and TKD), KIT (wild type and D816V mutant), POGFR I YR YSYOSN&E 27
threonine kinase PKC (protein kinase C) farMiglostaurin activity in FLT&sseiated AML is likely a

result of inhibition FLT3 receptor signaling and cell proliferation and induction of apoptosis in leukemic
cells expressing ITD and TKD mutant FLT3 receptors or overexpressing wild type FLT3 and PDGI
receptors. Midostaurin also hasbn shown to inhibit KIT signaling, cell proliferatiand histamine

release to induce apoptosis in mast cells resulting in a therapeutic effect for aggressive systemic
mastocytosis, systemic mastocytosis with associated hematological neq@asnmast ell leukemia.
Gilteritinib inhibits several TKIs, including FLT3.

Enasidenil{ldhifa)inhibits the isocitrate dehydrogenase 2 (IDH2) enzyme which leads to decreased 2
hydroxyglutarate (2HG) levels and induces myeloid differentiation towards mature myedeitsin
patients with IDHZnutated AML.Similarly, ivosidenilfTibsovo)inhibits the isocitrate dehydrogenase

1 (IDH1) enzyme in similar fashion also leading to decreasedH&s levels and induction of myeloid
cell differentiation to mature myeloid callin patients with IDHinutated AML.

Glasdegib (Daurismo) is a small molecule, hedgehog pathway inhibitor. Ibwadisding to and
inhibiting the transmembrane proteismoothened (SMO),which is a part of the hedgehog signal
transduction cascade.

Venetoclax(Venclexta)inhibits BCI2, an antiapoptotic protein. Overexpression of BE€lhas been
seen in CLL cells. This overexpression of2BGLCLL helps to potentiate tumor cslirvivaland has
been associated with resistance to other therapiesnateclax(Venclextahelps restore apoptosis in
malignant cells

Idelalisib (Zydeligand duvelisib (Copiktra)nhibit phosphatidylinositol &inase (PI3K), expressed in
both normal and malignanB-cells inducing apoptosis and inhibiting proliferatiohdelalisib and
duvelisibinhibit several cell signaling pathwaysc¢ludingB-cell receptor (BCR3ignaling Treatment of
lymphoma cells with idelalisib results in inhibition of chemotaxis and adhesion and reduced cell
viability. Treatment of leukemiaells with duvelisib results imhibition of growth and reduced cell
viability.

Selinexor (Xpovio) reversibly inhibitsiclear export of tumor suppressor proteins (TSPs), growth
regulators, and mRNAs of oncogenic proteins by blocking exportin 1 (XBélll)cycle arrest and
apoptosis of cancer cells occur as a result of this process.

Vorinostat(Zolinzajand panobinostat(Farydak)while not classified as a signal transduction inhilstor
are also broadly classified as a biologic response modifiGrinostat(Zolinza) inhibits the enzymatic
activity of histone deacetylases HDAC1, HODAIPAC3 (Class Bnd HDACG6 (Class Panobinostat
(Farydak) is a pahistone deacetylase (HDAC) inhibitdhese enzymes catalyze the removal of acetyl
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groups fromthe lysine residues of proteins, including histones and transcription factors. In some
cancer cells, there is an over expression of HDACs or an aberrant recruitment of HDACs to oncogenic
transcription factors causinigypo acetylatiorof core nucleosomalibtones!®’
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PHARMACOKIN ET'.@809,110,111,112,113,114,115,116,117,118,119,120,121,122,123,124,125,126,127,128,129,130,13L132,133,134,135,136,

137,138,139140
Half-Life Protein . . : L Effect of High Fat
0,

Drug (hr) Binding (%) Metabolism Active metabolites Elimination (%) Meal (%)
acalabrutinib 0.6-2.8 CYP3Amajor . .
(Calquence) (6.9 active 97.5 Glutathione conjugationamide ACP5862 Fe.ces.;. 84 AUC: None

. L Urine: 12 Cmaxg 73
metabolite) hydrolysis minor
bosutinib Feces91.3 AUCz 1.7 fold
(Bosulif) 22.5 94 CYP3A4 None Urine: 3 Cmaxz 1.8 fold
busulfan 26 32 Ext.epswe metabolism by enzymatic none with cytotoxic Urine: < 2 Not available
(Myleran) activity activity
chlorambucil I : phenylacetic acid : AUCZE 20
(Leukeran) 15 99 oxidative degradation mustard Urine 2060 Cmax g 55
dasatinib 35 9%  [CYP3A4 Yes Feces: 83 AUCz 14
(Sprycel) Urine: 4
duvelisib Feces79 AUCZ 6
0,

(Copiktra) 4T >98% CYP3A4 nr Urine: 14 Cmaxg 37
enasidenib Hepatic by multiple CYP enzymes a Feces: 89 .
(Idhifa) 190 96-98 UGTs Yes (AGL16903) Urine: 11 Not available
fedratinib 41, 114 CYP3A4, CYP2C19, flaxontaining Feces: 77 AUCz 24
(Inrebic) (biphasic 92 nr o

. . monooxygenase 3 (FMO3) Urine: 5 Cmaxz 14

disposition)
gilteritinib Feces: 64.5 AUCE <10
(Xospata) 113 94 CYP3A4 Yes 117, M16, M10) Urine: 16.4 Cmaxe 26
glasdegib 17.4 o1 CYP3A4: major nr Feces42 AUCZ 16
(Daurismo) ' CYP2C8, UGT1A9: minor Urine:49 Cmaxg 31
hydroxyurea 4 Not describedHepatic; not fully characterized None Urine: 80 None
(Hydrea)
ibrutinib CYP3A4dmajor Feces:80 AUCz 2 fold
(Imbruvica) 46 97 CYP2D@ninor PCias227 Urine: 10 Cmaxz 2-4 fold
idelalisib . Feces: 78
(Zydelig) 8 84 UGT1A4minor None Urine: 14 AUCz 1.4fold
nr = not reported
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Pharmacokinetics (continued)

. Protein :
Drug SELAEIE Binding Metabolism Active metabolites Elimination (%) B il R
(hr) (%) Meal (%)

imatinib 18 95 CYP3A4: major N-demethyl derivative |Feces: 68 None
(Gleevec) CYP1A2, 2D6, 2C9, 2C19: minor  |(half-life 40 hours) Urine: 13
ivosidenib CYP3A4: major

. . . ) Feces: 77 AUCz 25
(Tibsovo) 93 92-96 rl:lq—i(;iwi?lkylanon, hydrolytic pathways: |None Urine: 17 Cmaxz 98
ixazomib 9.5 davs 99 multiple CYP enzymes (3A4, 1A2, Ar Urine:62 AUCE 28
(Ninlaro) ' y 2B6,2C8,2D6,2C19,2C9) Feces:22 Cmax¢§ 69
I(T?nea:/I:idrgirg)lde 35 30 Limited metabolism None Urine: 90 égnifazgo
melphalan : . .
(Alkeran) 15 53t0 92 [Hydrolysis None Urine: 10 AUC? 361054
mercaptopurine . L .
(generic tablet, 2 . 19 Me'thyl_atlon 6 thlloggamne Urine: 46 None
Purixan) (suspension) Oxidation nucleotides (6TGNS)
midostaurin CGP62221 Feces: 95%
(Rydapt) 19 99.8 |CYP3A4 CCP52421 Urine:4% nr
nllotl_n ib 17 98 Oxidation and hydroxylation None Feces: 93 AUCz 82
(Tasigna)
panobinostat 37 9 Oxidation, reduction, hydrolysis, None Urine:2951 AUCZ 16
(Farydak) glucuronidation, CYP3A Feces: 447 Cmaxg 44
pomalidomide CYP1A2 Urine: 73
(Pomalyst) 9-5 121044 1oypapa None Feces: 15 nr
(isig) 24 % |Cypace Nore Uine: 5 None
procarbazine 7 min Not
(Matulane) (parent; once : Auto-oxidation nr Urine: 70 nr

described
reaches plasma

ruxolitinib Feces: 22 AUCz 4
(Jakafi) 3 97 CYP3A4 ves Urine: 74 Cmaxg 24

nr = not reported
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Pharmacokinetics (continued)

. Protein .
Drug SELAEIE Binding Metabolism Active metabolites Elimination (%) SEE il R
(hr) Meal (%)
(%)
selinexor / ,tolnZ !5tmn3t dz0
(Xpovio) 6-8 95 6! D¢aovs 3Jfdzii GKA|nr nr None
(GSTs)
thalidomide - . Feces <2
(Thalomid) 557.3 5566 |Limited metabolism None Urine: 93.6 Tmaxz to 6 hours
tretinoin 0.52 > 95 CYP enzymes None Fe.ces.;: 31 nr
Urine: 63

venetoclax 26 >99 |CYP3A4/5 M27 Feces: > 99.9 AUCz
(Venclexta)
vorinostat Glucuronidation and hydrolysis .
(Zolinza) 2 71 T2tf{268R 68 | 2 B None Urine <1 AUCz 1.3fold
zanubrutinib Feces: 87
(Brukinsa) 2-4 94 CYP3A None Urine: 8 none

nr =not reported

Genetic polymorphism ahercaptopurinemetabolism/ variability inmercaptopurinemetabolism isl of the major causes of interindividual
difference in systemic exposure to the drug aitsl active metabolites.Mercaptopurine activation occursvia hypoxanthineguanine
phosphoribosyl transferase (HGPRT) and several enzymes to fiiogBanine nucleotides (GNs). The cytotoxicity nfercaptopurineis

due, in part, to the incorporation of-6GN into DNAMercaptopurineis inactivatedvia 1 major pathway. One is thiol methylation, which is
catalyzed by thgolymorphic enzyme thiopurine-@ethyltransferase (TPMT), to form the inactive metabolite metiyP. TPMT activity

is highlyvariable in patients because of a genetic polymorphism in the T§WE. For Caucasians and African Americans, approximately
0.3%(1:300) of patients have@ non-functional alleles (homozygowdeficient) of the TPMT gene and have little or no detectabieyme
activity. Approximately 1% of patients havel TPMTnon-functional allele (heterozygous) leading to low or intermedi@BMT activity and
90% of individuals have normal TPMT activity vtfunctional alleles. Homozygowficient patients 2 non-functional alleles), if given
usual doses ofmercaptopurine accumulate excessive cellular concentrations of active thioguanuweotides predisposing them to
mercaptopurine toxicity. Heterozygous patients with lowor intermediate TPMT activity accumulate higher concentrations of active
thioguanine nucleotides tha people with normal TPMHctivity and are more likely to experienaeercaptopurine toxicity. TMPT
genotyping orphenotyping (red blood cell TPMT activity) can identify patients who are homozygous deficient or have low or intermediate
TPMTactivity.
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CONTRAINDICATIOMARNING $4ZL142,143,144,145,146,147,148,149,150,151152,153,154,
155156,157,158159160161,162,163,164,165166,167,168

There are naontraindications withacalabrutinib (Calquencedasatnib (Sprycel)duvelisib (Copiktra),
enasidenib (ldhifa),glasdegib (Daurismo)jbrutinib (Imbruvica), imatinib (Gleevec),ivosidenib
(Tibsovo),jxazomib (Ninlaro), panobinostat (Farydak), ponatinib (Iclusig), ruxolitinib (Jaldiingxor
(Xpovio) vorinostat (Zolinza)or zanubrutinib (Brukinsa)

Bosutinib (Bosulif) gilteritinib (Xospata),hydroxyurea idelalisib Zydelig, melphalan thalidomide
(Thalomid) midostaurin (Rydapt) chlorambucil (Leukeran) lenalidomide (Revlimid) tretinoin, and
mercaptopurineare contraindicated in patients with hypersensitivity to the actirig or any of the
components.

Chlorambu@ should not be used in patients whose disease has demonstrated prior resistance to the
drug. There may be crosensitivity (skin rash) between chlorambucil and other alkylating agents.

Hydroxyureas contraindicated in patients with marked bone marrdepression (WBC <2x 10/L)
or thrombocytoperia (platelets<100,008mm?) or severe anemia.

Nilotinib (Tasigna) should not be used in patients with hypokalemia, hypomagnesemia, or long QT
syndrome

Neither mercaptopurinenor melphalan should beised in patients whose disease has demonstrated
prior resistance tahe drug.There is usually complete cresssistance betweemercaptopurineand
thioguanine.

Nalidixic acid is contraindicated in patients undergoing concomitant therapy maphalanor other
alkylating agents because of reports of serigstrointestinal GJ) toxicity, such as hemorrhagic
ulcerativecolitis or intestinal necrosis.

Pomalidomide (Pomalyst) is contraindicatedfemales who are pregnant and patientswith severe
hypersensitivity (e.g., angioedema, anaphylaxis) to pomalidomide or any of the excimientained
within the product

The use of venetoclax (Venclexta) with strong CYP3A inhibitors at initiation and duringipgohase
is contraindicated.

BoxedWarnings

Thaldomide (Thalomid) glasdegib (Daurismolgnalidomide(Revlimid) and pomalidomidéPomalyst)

all have a boxed warning regarding pregndeaybryo-fetal toxicity. Thalidomide is a powerful human
teratogen, inducing a high frequency of severe andthieatening birth defects, even after a single
dose. Thalidomide, lenalidomide, and pomalidomide are all contraindicated in females who are
pregnant. Pregnancy must é excluded before starting treatment and patients receivgigsdegib
thalidomide, lenalidomide, or pomalidomide must use 2 reliable methods of contraception while
taking these medicationdviortality at or shortly after birth has been reported in about%4®f infants
exposed to thalidomideFemales of reproductive potential taking glasdegib should utilize effective
contraception during treatment and for a minimum of 30 days following the final dose; males with
female partners of reproductive potential arecommended to use condoms during glasdegib therapy
and for a minimum of 30 days following the final dosghlorambucil is probably mutagenic and
teratogenic in human and produces human infertilitelphalan is leukemogenic in humans and
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produces chromosmal aberrationsn vitroandin vivoand, therefore, should be considered potentially
mutagenic inhumans. Tretinoircarries a high risk of teratogenic effects and women should have a
negative pregnancy tesprior to initiating whenever a delay in therapys possible. If tretinoin
represents the best available treatment for a pregnant woman or a woman of childbearing potential,
the patient should receive full information and warnings regarding the risk to the fetus.

Chlorambucil can severely suppress bam&row function and is a known carcinogen in humans.

Enasidenib (Idhifg) gilteritinib (Xospata), and ivosidenib (Tibsovofarry boxed warning for
differentiation syndromewith and without concomitant hyperleukocytosisvhich is associated with
rapid proliferation and differentiation of myeloid cellsSymptoms include fever, dyspnea, acute
respiratory distress, pulmonary infiltrategleural or pericardial effusions, rapid weight gain or
peripheral edema, lymphadenopathy, bone paamd hepatic, renalor multi-organ dysfunctionThis

can be fatal if it is not treated; if suspected, corticosteroids and hemodynamic monitoring should be
initiated until symptom resolution. Hospitalization may be required. If severe symptoms occur (e.g.,
symptoms requiringintubation or ventilator support, renal dysfunction > 48 hourg)terrupt
enasidenib gilteritinib, or ivosidenibuntil symptoms are no longer severBifferentiation syndrome

has been observed as early aslayand atup to 5 months following enasidenibitiation, as early as 2
days and up t&’5 days following gilteritinib initiatiorand as early as 1 day and up to 3 months after
ivosidenibinitiation. In November 2018, the FDA issued a Safety Announcemeanhing healthcare
providers of the risk of differentiation syndrome with enasidenib, noting that they should also be
aware of this risk with other agents associated with differentiation syndrétthe.

Fedratinib (Inrebic) carries a boxed warning for enceppathy,includingz S NJ/ A, @s|tiis®ais been
reported in patients using fedratinib. Thiamine levels should be assessed prior to initiation, during
treatment, and when clinically indicated. Fedratinib should be discontinued if encephalopathy is
suspectedParenteral thiamine should also be administered when indicated.

Idelalisib (Zydelig) has #&oxed warning regarding fatal and/or serious toxicities, including
hepatotoxicity (146 incidencg, diarrhea/colitis (1% to 19%incidencg, pneumonitis(4% incidene),
fatal and/or serious infections (21% to 36%ind intestinal perforationDuvelisib (Copiktra) also has a
boxed warning regarding fatal and/or serious toxicities, includinfections (31% incidence),
diarrhea/cditis (18% incidence), cutaneousactions (36 incidence), andon-infectious pneumonitis
(5% incidence).

Melphalan and tretinoin carry boxed warnings regarding the fact they should only be administered
under the supervision of a qualified physician experienced in the use of cancer chemathigcap
agents. In the case of melphalan, there is a risk of severe bone marrow suppression with resulting
infection or bleeding that may occur. For tretinoin, patients with APL are at high risk in general and can
have severe adverse reactions to tretinothg physician must be experienced in the management of
patients with acute leukemia, and tretinoin should be initiated in a facility with adequate services to
monitor drug tolerance and support a patient compromised by drug toxicity, including respiratory
compromise.

b A f 2 ((Tasighd) @keling has a boxed warning related to QT prolongation and sudden deaths. Use
of nilotinib is associated with prolongation of the QT interval. For this reastotjnib should not be

used in patients with hypokalemia, hypomagnesemia, or in patients experiencing long QT syndrome.
Before initiating therapy withilotinib, hypokalemia and hypomagnesemia must be corrected, and
monitoring of these electrolytes is recommendé&Zbncomitant use of medications associated with QT
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prolongation and strong inhibitors of the CYP3A4 enzyme system should be avoided in patients taking
nilotinib. Food should not be consume? hours before orl hour after the dose is taken due to
increased availability when taken with food. An ECG should be obtained at basgélineek after
treatment has started, and periodically thereaftéo monitor the QTc. ECGs should also be obtained
after any changes in dosage. A dose reductiomitaftinib is recanmended in patients with hepatic
impairment. In an ongoing study of 867 patients, there wésesudden deaths reported in patients
receiving treatment witmilotinib. Possible abnormalities in ventricular repolarization are suspected of
contributing to the® reported deaths given their early occurrence relative to the start of therapy with
nilotinib.

t Iy 20 A yFagdakbaxedvarning describes potentially fatal toxicitigacluding severe diarrhea

and cardiac toxicities. Severe diarrhea occurred in 5%atients treated with panobinostat during

the clinical trials. Potential cardiac toxicities include ischemic events and severe arrhythmias.
ElectrocardiogramECGand electrolytes should be monitored at baseline and periodically throughout
treatment as indicated:’?

Ponatinib (Iclusig) has @&oxed warning regarding the risk ofarterial occlusion, venous
thromboembolism, heart failure, and hepatotoxicity. Arterial occlusion shaccurred in 35% of
ponatinib-treated patients, including fatal myocardial @am€tion (Ml), stroke, stenosis of large arterial
vessels of the brain, severe peripheral vascular disease, and the need for urgent revascularization
procedures. Patients with and without cardiovascular risk factors, including patients less than 50 years
old, experienced these event§¥enous thromboembolism has occurred in 6% of ponatirehted
patients. Patients should be monitored for evidence of thromboembolism and vascular occlusion.
Ponatinib should be interrupted or stopped immediately for vascutsion. Heart failure, including
fatalities, occurred in9% of ponatinibtreated patients. Patients should have cardiac function
monitored. Ponatinib should be interrupted or stopped for new or worsening heart failure.
Hepatotoxicity, liver failure, andeath have occurred in ponatindipeated patients. Patients should
have hepatic function monitored and ponatinib should be interrupted if hepatotoxicity is susp&éted.

Thalidomide, lenalidomideand pomalidomide all have laoxedwarning regarding the risk of venous
thromboembolism, both deep vein thrombosis (DVT) and pulmonary embolismRRphylaxis with
an anticoagulation agent is recommended for patients receiving thalidonadéenalidomidebased
therapies!’? Lenalidomide also includes aboxed warning related to the risk of arterial
thromboembolism, MI, and stroke in patients with multiple myeloma receiving lenalidomide in
conjunction with dexamethasone.

Lenalidomide also has lboxed warning regarding hematologic toxicigs it can cause significant
neutropenia and thrombocytopenia.

Approximately 25% of patients with ARIho aretreated with tretinoin experience a syndrome called
the retinoic acidAPL (RA\PL)syndrome,which is characterized by fever, dyspnea, acute respiy
distress, weight gain, radiographic pulmonary infiltrates, pleural and pericardial effusions, edetha,
hepatic renal and multiorgan failure. RAAPL has been fatal in some patients with mafgan failure
and some patients have required mechigal ventilation. The syndrome usually occurs during the first
month of treatment with some cases reported following the first dose of tretinoin. digge steroids
(dexamethasone 10 migitravenously [V] every 12 hours for 3 days) should tiated promptly at
first suspicion of RAPL syndrome.

Approximately 40% of tretinoHreated patients will develop rapidly evolving leukocytosis and pasien
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who present with a high WBC at diagnosi$ (% 10/L) have an increased risk. Consideration may be
given b adding an anthracycline to tretinoin therapy on day 1 or 2 for patients presenting with a high

WBC count or if the WBC count rises during the first month of treatment.

Selected Warnings and Recommended Monitoring

Drug Selected Warnings RecommendedVonitoring
acalabrutinib Serious and opportunistic infectionsemorrhage |Signs/symptoms of infectiorsigns/symptoms of
(Calguence) (fatal and serious)infections, cytopenias, second |bleeding: consider withholding acalabrutinib for

primary malignancie@most commonly skin canceljleast 3 to 7 days prend postsurgery, depending
atrial fibrillation and flutter on the type of surgery and risk of bleeding;
consider prophylaxifor opportunistic infections
according to standard of care; completbd
count (CBQjegularly signs/symptoms of atrial
fibrillation, such as palpitations, lightheadednes
syncope or new onset dyspnegrotect from sun
exposure to limit skin canc@nd monitor for skin
cancers
bosutinib Gl toxicity myelosuppression, hepatotoxicity, fluigCBCliver function testsl(FTsand bilirubin
(Bosulif) retention, embryacfetal toxicity, renal toxicity monthly for 3 monthsrenal functionat baseline
StevensJohnson syndrome (S,J&rdiac failure an¢and during therapysigng symptoms of cardiac
left ventricular dysfunction failure
chlorambucil Myelosuppression; seizures; infertility; secondanyCBC weekly, WBC 3 or 4 days after each CBC
(Leukeran) malignancies, including leukemias; skin rash the first 3 to 6 weeks of therapy
progressing to erythema multiforme, toxic
epidermal necrolysis (TEN)r SJS
dasatinib Myelosuppressiomccurs earlier and more CBC every 2 weeks for 12 weeks then every 3
(Sprycel) frequently in patients with advanced phase CML |months thereafter for patients in chronic phase
Ph+ ALL compared to chronic phase Cblteding |CML, CBC should be monitored weekly for the fi
related events (mostly associated with severe |2 months and then monthly thereafter for patien
thrombocytopenia)fluid retention; QT with advanced phase CML or Ph+Adymptoms o
prolongation cardiac ischemic eventsopngestive |pleural effusion or other fluid retention, such as
heart failure, left ventricular dysfunction, new or worsened dyspnea on exertion or at res
myocardial infarctior(MI), arrhythmias, pleuritic chest painECG, signs/symptoms cardig
palpitations, peripheral arterial occlug disease, |dysfunction/cardiopulmonary diseaselectrolyte
transient ischemic attacks (TIApuImonary arteriallevels CBC before starting each round of
hypertension embryofetal toxicity, severe chemotherapy and asdicated as well as every 2
dermatologic toxicityincludingSJ&nd erythema |days until recovery during thehemotherapy
multiforme, tumor lysis syndromegdverse bone |consolidation blocks fgpediatric patients with Ph
growth and development in pediatric patients ALL
nephrotic syndrome
duvelisib Infections,diarrhea/colitis,cutaneousreactions Signs/symptoms of infectiomew or worsening
(Copiktra) pneumonitis hepatotoxicity neutropenig embryo- |diarrheg new or worsening skin reactionsew or
fetal toxicity, worsening pulmonary signs or symptoms; hepa
function; neutrophil count every 2 eeks for the
first 2 months weekly in patients with grade 3 or
neutropenia, and untikesolution
enasidenib Differentiation syndrome, embryfetal toxicity Assess blood counts and blood chemistries for
(Idhifa) leukocytosis and tumor lysis syndromgor to the
initiation; monitor at a minimum of every 2 week
for at least the first 3 months during treatment
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Selected Warnings and Recommended Monitori@@gntinued)

Drug Selected Warnings Recommended Monitoring
fedratinib Anemiathrombocytopenia, Gl toxicity, hepatic |CBC, amylase, lipasnd hepatic function at
(Inrebic) toxicity, elevated amylase and/or lipase baseline periodically and as clinically indicated,;

signs and symptoms of Gl toxicity (consider
antiemetics antidiarrheals, andir supportive
measures)
gilteritinib Differentiation syndromeposterior reversible Signs and symptoms of differentiation syndromy
(Xspata) encephalopathy syndrom@®RESprolonged QT  [signs and symptoms &fRES (e.g., seizure, alters
interval, pancreatitis, embryetal toxicity mental status) EC@efore starting therapy, on
days 8 and 15 of cycle 1, and before starting thg
next 2 cyclesmonitor and correct hypokalemia
and hypomagnesemibaefore starting and during
treatment; signs and symptoms of pancreatitis
glasdegib Embryofetal toxicity, QTc interval prolongation |Assesgregnancystatus prior to starting ath
(Daurismo) recommend contraceptioravoidbreastfeeding
anddonating blood monitor ECG and electrolyte
hydroxyurea Bone marrow suppression, most commonly CBC with differential, renal functipsigns and
leukopenia which is more likely to occur in patien|symptoms ofoulmonary toxicity €.g.,pyrexia,
who previously receivetadiation therapy RTyor  |cough, dyspnea
cytotoxic chemotherapy; exacerbatiai post
irradiation erythemapancreatiis and
hepaotoxicity and sometimes fatal hepatic failure
have occurred imuman immunodeficiency virus
(HI\V)-infected patients treated with hydroxyurea
and antiretroviral therapy;macrocytosissecondary
leukemias cutaneous vasculitis toxiciteembryo-
fetal toxicity; avoid use of liveaccinesinterference
with uric acid, urea, or lactic acid assays is possi
rendering falsely elevated results of these
parameters pulmonary toxicity
ibrutinib Hemorrhageijnfections, progressive multifocal  |Signs/symptoms of bleeding or infectiaconsider
(Imbruvica) leukoencephalopathy (PML), cytopeniaardiac  |withholding ibrutinib for at least 3 to 7 days pre
arrhythmias atrial fibrillation, hypertensionsecond|and postsurgery, depending on the type of
primary malignancies, embryfetal toxicity, tumor |surgery and risk of bleedingigns/symptoms of
lysis syndrome atrial fibrillation, such agalpitations,
lightheadedness, or new onset dyspn&BC
monthly, blood pressurgincreased risk
opportunistic infections: consider prophylaxis
according to standard of care
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Selected Warnings and Recommended Monitorifogntinued)

Drug SelectedWarnings Recommended Monitoring
idelalisib Hepatotoxicity, severe diarrhea or colitis, Liver function(alanine aminotransferase
(Zydelig) pneumonitis,fatal and/or serious infections, [ALT]aspartateaminotransferase [AST]) every 2

intestinal perforation, severe cutaneous reactionyweeks for the first 3 months of treatment, every
including fatal cases of SJS and TEN, anaphylajweeks for the next 3 months and then every 1 t
neutroperia, embryaefetal toxicity months thereafterdevelopment of severe
diarrheg colitis; pulmonary symptoméncluding
cough, dyspnea, hypoxidevelopment of severe
skinreactions;signs and symptoms of infectipn
CBC
imatinib Myelosuppression (anemia, neutropenia, CBC, weight, signs/symptomsfhifid retention,
(Gleevec) thrombocytopenia) hemorrhage fluid retention  |signs/symptoms of cardiac failure, LFTs, ECG,
and edemaseverecongestive heart failureQHIF  |serum troponin, thyroid function testgrowth
and left ventricular dysfunctigrsevere monitoring inchildren,renal function at baseline
hepatotoxicity (some fatajhypereosinophilic and during therapy
cardiac toxicityGl disordersdermatologic toxicitie
including erythema multiforme an8JSembryo
fetal toxicity;growth retardation in children and
pre-adolescentsdizziness blurred vision, or
somnolence which may impact ability to drive a @
or operate machinery;hypothyroidism; tumor lysis
syndrome;renal toxicity
ivosidenib Differentiation syndrome, QTc Interval CBC with differential, weight, blood pressure,
(Tibsovo) prolongation, Gillain-. I NNBE Q a & y R NEserum creatinine after initiation of drug to monit
for differentiation syndrome, ECGs, electrolytes
signs and symptoms of motor and/or sensory
neuropathy
ixazomib Thrombogtopenia, diarrhea, constipation, nauseiPlatelet counts at least monthly; consider more
(Ninlaro) vomiting, peripheral neuropathy, peripheral edenjfrequent platelet count monitang during the first
rash, hepatotoxicity, embryfetal toxicity, 3 cycles of treatment; symptoms of neuropathy;
thrombotic microangiopathy (some fatal) LFTssigns and symptoms of thrombotic
thrombocytopenic purpura (TTP)/hemolytic urer
syndrome (HUS)
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Selected Warnings and Recommended Monitori@@gntinued)

Drug

Selected Warnings

Recommended Monitoring

lenalidomide
(Revlimid)

Embryacfetal toxicity; hematologic toxicity; venous
and arterial thromboembolism, including deep ve
thrombosis (DVT), pulmonary embolism (PE), Ml
and stroke (CVA); increased mortality in patients
with CLLdevelopment of second primary
malignancies (mainly AML and MDi8creased
mortality of patients with multiple myeloma when
pembrolizumab is added to a thalidomide analog
plus dexamethasone; increased risk of early dea
patients with MCLhepatotoxtity; angioedema ang
serious dermatologic reactions including SJS an(
TENand drug reaction with eosinophilia and
systemic symptoms (DRESSinor lysis syndrome
tumor flare reactionjmpaired stem cell
mobilization thyroid dysfunctionincluding both
hypothyroidism and hyperthyroidism
hypersensitivity

Attempt to minimize all modifiable risk factors fg
thromboembolic events (e.g., hyperlipidemia,
hypertension, smoking); monitor for signs of
infection and advise patients to observe for
bleeding or bruising; weekly pregnancy tests
during the first month and then monthly
thereafter in women with regular menstrual cycl
or every 2 weeks in women with irregular
menstrual cycles; CBC weekly for first 8 weeks
then at least monthly thereaér (MDS)CBC
weekly for first 2 cyclethen on days 1 and 15 of
cycle 3 and then monthly thereafter (MMEBC
weekly for first 28 days, every 2 weeks during
cycles 2 to 4 and then monthly thereafter (MCL
thromboprophylaxis is recommended; monitor f
signs and symptoms of thrombotic events; moni
for development of second primary malignancie
LFTs; signs of angioedema,; exfoliative or bulloy
rashor other severe cutaneous reactigrsigns/
symptoms of tumor lysis syndromsigns and
symptoms of thyrad dysfunction

melphalan

Bone marrow suppression, secondary malignanc
anaphylaxisimpairment of fertility

CBC with differential

mercaptopurine

Bone marrow suppression resulting in anemia,

CBCoonsider thiopurineSmethyltransferase

(Purixan) leukopenia, thrombocytopenia or any combinatio|(TPMT) testingnd NUDT15 genotypirig any
of these life-threatening infections and bleeding |patient with unexpectedly severe
hepataoxicity; immunosuppressionembrycfetal  |myelosuppressiopmonitor serum transaminase
toxicity; treatment related malignancies associatélevels, alkaline phosphatasand bilirubin levels a
with immunosuppressive therapy including skin |weekly intervals when first beginning therapy ar
cancers (melanoma and nanelanoma), sarcomagat monthly intervalghereafter; monitor and
and uterinecervical cancein sity, also including [promptly treat infections such as EBV and CMV/
lymphoproliferative disorders such as Epst8iarr |these are known triggers for MAS
virus (EBVassociated lymphoproliferativeisorders
(these appear to be related to the degree and
duration of immunosuppressignmacrophage
activation syndrome (MS), particularly with off
label use in disorders such as inflammatory bowse
disease
midostaurin Embryeofetal toxicity, pulmonary toxicity including|Signs or symptoms of interstitial lung disease o
(Rydapt) interstitial lung disease and pneumonitis pneumonitis
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Selected Warnings and Recommended Monitorifogntinued)

occlusiveevents electrolyte abnormalitiesfluid
retention, including effusionshepatotoxicity and
hepatic impairmentpancreattis and elevated
serum lipaseembryo-fetal toxicity;drug
interactions with strong inhibitors or inducers of
CYP3A4ake without food as food greatly
increases bioavailabilitgapsules contain lactose
tumor lysis syndromesudden deaths have been
reported in nilotinib (Tasignagxposure of nilotinik
(Tasignajs reduced in patients with total
gastrectomyadverse bone growth and
development in pediatric patients

Drug Selected Warnings Recommendedonitoring
nilotinib MyelosuppressionQT prolongation; sudden CBQvery 2 weeks for the first 2 months and
(Tasigna) deaths; hemorrhagesardiac andarterialvascular |monthly thereafter;ECGat baseline and 7 days

after initiation; chemistry panel plus phosphate,
magnesium, and calciufavels;serum lipasel FTg
monthly or as indicatedcardiovascular status an
cardiovascular risk factoréipid profile, serum
glucoseQT interval in patients with hepatic
impairment signs/symptoms of severe fluid
retention; shortness of breathgrowth and
development in pediatric patients; B&BL
transcript levels with FD-Approved test

panobinostat
(Farydak)

Severe diarrhea;ardiac ischemia, arrhythmias,
hemorrhage, hepatotoxicity, embryf@tal toxicity,
myelosuppression, infections, hepatotoxicity

Patient hydration status and electrolyte blood
levels at baseline and weeklgCG at baseline an
periodically as clinically inchted CBC at baseling
and weekly during treatmensigns/symptoms of
infection; liver function prior to treatment and
regularly during treatmentwomen should use
effective contraception while taking and for at
least 1 month after last dosevhile men shald
use condoms while on treatment and for at le&s
months after the last dose of panobinostat

pomalidomide
(Pomalyst)

Embryaofetal toxicity; hematologic toxicity;
hepatotoxicity venous and arterial
thromboembolism; dizziness and confusional sta
neuropathy; risk of second primary malignanciesg
tumor lysissyndrome;hypersensitivity reactions;
increased mortality in combination with
pembrolizumab and dexamethasone for NIM
angioedemahypersensitivity(angioedema,
anaphylaxis)seriousand potentiallyfatal
dermatologi¢cutaneousreactions(including SJS,

TEN, and DRESS

Weekly pregnancy tests during the first month &
then monthly thereafter in women with regular
menstrual cycles or every 2 weeks in women w
irregular menstrual cycles, in MM patiesnassess
CBC weekly for first 8 weeks and monthly
thereafter,in KS patients assess CBC every 2
weeks for the first 12 weeks and monthly
thereafter, signs and symptoms of tumor lysis
syndrome LFTs monthlysigns or symptoms of
hypersensitivity skin rash(including exfoliative or
bullous rash)
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Selected Warnings and Recommended Monitorifogntinued)

Drug

Selected Warnings

Recommended Monitoring

ponatinib (Iclusig

Arterial occlusion including fatal Ml, stroke,
stenosis of large arterial vessels of th&in, severe
peripheral vascular disease; cardiac vascular
occlusion, including coronary artery occlusion ar
peripheral arterial occlusive events, including fat
mesenteric artery occlusion; digital or distal
extremity necrosis requiring amputatiorgnal
artery stenosisand thrombosisyenous
thromboembolism, including DVT, PE, superficig
thrombophlebitis and retinal vein thrombosis witl
vision lossheart failure, hepatotoxicity
hypertension pancreatitis peripheral and cranial
neuropathy ocular bxicity, hemorrhage fluid
retention; cardiac arrhythmigamyelosuppression
tumor lysis syndromampairedwound healing Gl
perforation; embryofetal toxicity; increased
toxicity in newly diagnosed chronic phase CML,;
reversible posterior leukoencephalobey
syndrome (RPL3JS

LFTst baseline and then at leastonthly, serum
lipase every 2 weeks for first 2 months and ther
monthly thereafter, CBC every 2 weeks for first
months and then monthlyblood pressure§P,
signs/symptoms of fluid retention dreart failure
or changes in heart rate, arrhythmias, uric acid
prior to initiating therapy, evidence of
thromboembolism and vascular occlusion,
symptoms of neuropathycomprehensive eye
exam at baseline and periodically during
treatment

ruxolitinib
(Jalafi)

Thrombocytopenia, anemia, neutropenia can oc
which can be managed by dose reduction or
interruption or transfusionrisk of serious infectiof
bacterial, mycobacterial, fungal and/or viral
infectionsincluding tuberculosis, herpes zoster,
hepatitis B active, serious infections should be
resolved before initiating progressive multifocal
leukoencephalopathyPML) non-melanoma skin
cancers, including basal cell, squamous cell, an
Merkel cell carcinma; symptoms including fever,
respiratory distress, hypotension, disseminated
intravascular coagulopathy (DIC), or muoltgan
failure have occurred following discontinuation g
ruxolitinib; lipid elevations

CBC at baseline and ev&tyo 4 weeks until dee
stabilized, then as often as clinically indicgted
signgsymptoms of infectionperiodic skin
examinations; instruct patients not to interrupt g
discontinue therapy withiuxolitinib without
consulting their physicigrassess lipid parameter
8 to 12 weeks following initiation of ruxolitinib;
treat according to clinical guidelines for the
management of hyperlipidemia

selinexor
(Xpovio)

Life-threateningthrombocytopenialife-
threateningneutropenia,severeGl toxicity
(nausea/vomiting/diarrhea/anorexia/weight loss)
hyponatremia(severe or lifehreatening) serious
infections(potentially fatal) life-threatening
neurological toxicity, embryfetal toxicity

CBawith differential, neutrophil countsstandard
blood chemstries,body weight nutritional status,
andvolume statusat baselineandthroughout
therapywith more frequent monitoring during th
initial 3 months of therapy; signs and symptoms
bleeding, infection, or neurological symptoms;
nausea and vomiting
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Selected Warnings and Recommended Monitori@@gntinued)

Drug Selected Warnings Recommended Monitoring
thalidomide Embryocfetal toxicity; venous and arterial Weekly pregnancy tests during the first month ¢
(Thalomid) thromboembolism; drowsiness and somnolence|then monthly thereafter in women with regular

peripheral neuropathy; dizziness and orthostaticimenstrual cycles or every 2 weeks in women w
hypotension; neutropeniathrombocytopenia irregular menstrual cycles; signs and symptoms
increasedHIV viral load; bradycardia; STENand |thromboembolism; monthly exams for
DRESSegizures, tumor lysis syndrome, signs/symptom®f neuropathy for the first 3

contraceptive riskshypersensitivityjncreased months and then every 6 months thereafter; W
mortality of patients with multiple myeloma wherwith differential andplatelet cownts; consider
pembrolizumab is added to a thalidomide analogthiopurine-Smethyltransferase (TPMT) testing
plus dexamethasone, increased risk of early degand NUDT15 genotyping in any patient with

in patients with mantle ciélymphoma unexpectedly severe myelosuppression asalo
reductions may be neededilV viraload after
first and third months of treatmenand every 3
months thereafter in B+ patientsjive vaccines
should be avoided in immunocompromised
patients

tretinoin Retinoic aciehcute promyelocytic leukemia (RA |Signs of fever, dyspnea, weight gain, papilledet
ARL) syndrome, leukocytosis, pseudotumor cerelheadache, visual disturbances; monitor lipid
hypercholesterolemia and/or hypertriglyceridemiprofiles, LFTs, CBC, coagulation parameters
elevated LFTs

venetoclax Tumor lysis syndrome, neutropeniefections, Blood chemistries including uric acid, renal
(Venclexta) embryo-fetal toxicity,increased mortality in function, CBC asses$isroughout treatment, signs
combination with bortezomib and dexamethasorjand symptoms of infections

in MM (off-label use)

vorinostat PE, DVT, thrombocytopenia (severe dgns and symptoms of thrombosis, CBC, seru
(Zolinza) thrombocytopenia with Gl bleeding when given |electrolytes and blood glucose every 2 weeks fq
concomitantly with other HDAC inhibitors such afirst 2 months of therapy and then monthly
valproic acid), anemidayperglycemiaglectrolyte |thereafter, assess electrolytes more often in
abnormalities embryofetal toxicity patients withnausea, vomiting, diahea; assess
platelet counts more often in patients receiving
concurrent HDAC inhibitor therapy

zanubrutinib Hemorrhage, infections (including fatal and serigSigns and symptoms of bleeding; monitor for fe

(Brukinsa) infections, as well as opportunistic infections), |or other signs and symptoms of infection; CBCj
cytopenias, second primary mgiancies, cardiac |during treatment; signs and symptoms of atrial
arrhythmias, embryefetal toxicity fibrillation and atrial flutter

Risk Evaluation aniitigation Strategy (REM&}*174175176177.178179

The ponatinib (Iclusig) REMfBogram, originally approved in December 201® inform prescribers
about the approved indications for use and the serious riskadérial occlusion andvascular
thromboembolism associatl with ponatinibwas discontinued by the FDA in May 2018. After a
comprehensive assessment, the FDA determined the REMS communication plan had met #8 goals.

The idelalisib(Zydelig)and duvelisib (CopiktraREMS programwere approved in July 2014nd
September 2018, respectivelwith the FDA approval of tlse medicatiors. The goal of the idelalisib
REMS program is to mitigate the risks of fatal and/or serious hepatotoxicity, fatal and/or serious and
severe diarrhea or colitis, fatal and serious pneunitis, fatal and/or serious infectionsand fatal and
serious intestinal perforation associated with idelalisilne goal of the duvelisibo REMS program is to
mitigate the risks of fatal and/or serious infections, diarrhea/colitis, cutaneous reactions, and
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pneumonitis associated with duvelisibhe communication plafor both medicationsncludes a REMS
letter to oncologists and hematologists who are likely to presctiilgetherapy a REM$act sheet to be
distributed to healthcare providerg medication gide for patients and a patient safety information
card. Information regarding REMS availableon the Zydelig websitenhttp://www.zydeligrems.com/
and Copiktra websitehttps://www.copiktrarems.com/

The panobinosta{FarydaklREMS program was required by the FDA to alert providers to the serious
risks of severe diarrheavhich occurred in 25% of panoluistat-treated patients ad the risk of cardiac
toxicities including severe and fatal cardiac ischemic events as wattlaghmiaswhich occurred in
12% of panobinostatreated patients. Providers are advised not to start panobinostat in any patient
with a history of recent myardial infarction(MI), unstable angina, QTckK450 msec or clinically
significant SBegmentor T-wave abnormalities. The REMS program consists of a fact sheet for
healthcareproviders, a letter tdhealthcareproviders and a letter to professional socesi Information
regarding the REMS program is available on the Farydak webbit®,//www.farydak-
rems.com/index.jsp

Thalidomide(Thalomid)is available only through a restricted prografirhe goal ofthe thalidomide
REMS program i® prevent the risk of embrydetal exposure torhalomidand to inform prescribers,
patients and pharmacists on the serious risks and -sae conditions of this medicationThe
thalidomide program requires that prescriberaust be certified with the programand patients must

sign a patienphysician agreement form and comply with the RE®IRIirements Female patients of
reproductive potential must comply with the pregnancy testing and contraception requirements and
males mt comply with the contraception requirements. Pharmacies must be certified with the
program and must dispense only to patients who are authorized to receive thalidomide.

Lenalidomide (Revlimid)is available only through a restricted program. Tlmalidanide REMS
program requires that prescribers must be certified with the progimd patients must sign a patient
physician agreement form and comply with the REM@uirements Female patients of reproductive
potential must comply with the pregnancy testirmmd contraception requirements and males must
comply with the contraception requirements. Pharmacies must be certified with the program and must
dispense only to patients who are authorized to receive lenalidomide.

Pomalidomide(Pomalyst)is available oly through a restricted program. Theomalidomide REMS
program requires that prescribers must be certified with the progiemd patients must sign a patient
physician agreement form and comply with the REM@uirements Female patients of reproductive
potential must comply with the pregnancy testing and contraception requirements and males must
comply with the contraception requirements. Pharmacies must be certified with the program and must
dispense only to patients who are authorized to receive pateatide.

Further information about the Aalomid, Revlimid, and PomalyREMSprogramsis available at
www.CelgeneRiskManagement.com
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DRUG INTERACTI ON,832,183,184,185,186,187,188,189,190,191,192,193,194,195,196,197,198,199,
200,201,202,203,204,205,206,207,208,209

CYP3A4&ubstrates¢ Enzymelnhibition and Induction

Coadministration of CYP3A4 Inhibitors

When ceadministered with potent inhibitors of CYP3A4 (e.g., ketoconazole, itraconazole,
clarithromycin, atazanavir, indinavir, nefazodone, ritonavBaquinavir, telithromycin), plasma
concentrations ofibrutinib (Imbruvica) ruxolitinib (Jakafi),bosutinib (Bosulif) dasatinib (Sprycel)
duvelisib (Copiktra¥edratinib (Inrebic)gilteritinib (Xospata)glasdegib (Daurismoigelalisib (Zydelig)
imatinib Gleeveg, ivosidenib (Tibsove)nilotinib (Tasigna) panobinostat (Farydak)midostaurin
(Rydapt) ponatinib (Iclusig)andzanubrutinib (Brukinsajan potentially increasand the combinations
should generally be avoided or used with cautibmaddition, patients takinghese medicationshould
avoid grapefruitor Seville orangeas it can increase the plasrmancentrations of these agenté. dose
reduction of fedratinib can be considered as an alternative in those on a strong inhiBgtection of

an alternate medication with minimal to no enzyme inhibition potential is recommeridedrutinib.

For strong CYP3A4 inhibitors used sHertn (7 days or less), consider interrupting ibrutinib therapy. If

a moderate CYP3A4 inhibitor must bged, reduce the ibrutinib dos&henponatinibis administered

with strong CYP3A inhibitors, the recommexddtarting dose oponatinib (Iclusigshould be reduced.

The dose of panobinostat should be reduceml 10 mgwhen ceadministered with strong CYP3A
inhibitors. The dose of dwelisib should be decreased if -administered with a strong CYP3A4
inhibitor. If an alternative agent to the strong CYP3A inhibitonot availableand a patient receiving
gilteritinib experiences serious or lifareatening sile effects,withhold and decrease the dose of
gilteritinib. The dose of zanubrutinib should be decreased iadministered with moderate or strong
CYP3A inhibitorgor use with strong CYP3A inhibitors, the recommended zanubrutinib dose is 80 mg
once dai. For coadministration with moderate CYP3A inhibitors, the recommended dose is 80 mg
twice daily Following discontinuation of the CYP3A inhibitor, restart the prior dose of zanubrutinib.

Gilteritinib (Xospata) should not be used in combination with comdi Rglycoprotein (Rgp) and
strong CYP3A inducers due to the potential for decreased gilteritinib concentrations leading to
decreased efficacy.

The use of venetoclax (Venclexta) with strong CYP3A inhibitors is contraindicated during initiation of
venetoclaxand during the rampup phase of therapyPatients who have been stabilized on a dose of
venetoclax(Venclextashould have their dose reduced by at least 75% when used concomitantly with
a strong CYP3A inhibitor. The use of venetouwldlk a mocerate CYP3A inhibitor (e,grythromycin,
ciprofloxacin, diltiazem, dronedarone, fluconazole, verapamil) is not recommembdéd concomitant
therapycannotbe avoided, the venetoclax dose should be reduced by 28%id grapefruit products,
Seville orages, and star fruit during treatment with venetoclax as they contain inhibitors of CYP3A.

When ruxolitinib is administered with strong CYP3A4 inhibitors, a dose reduction should be
considered. Avoid the concomitant use of ruxolitinib with fluconazoleedageater than 200 mg daily.

The dose of ruxolitinib should be reduced in patients with acute GVHD only when administered with
ketoconazolewnhile monitoring blood counts more frequently and adjusting the dose with itraconazole
as well if necessary.

Acalalutinib (Calguence) administration with a strong CYP3A inhibitor may result in increased
concentrations of acalabrutinib leading resulting in increased toxiditys combination should be
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avoided.Dose reduction to 100 mg daily should be considered whaabrutinib is ceadministered
with a moderate CYP3A inhibitor

Alternative therapies that are not strong or moderate CYP3A4 inhibitors should be considered in
patients receivingvosidenib If the ceadministration of a strong CYP3A4 inhibitor is undable, the
ivosidenibdose should be reduced to 250 mg once daily.

When pomalidomide is cadministered with a strong CYP1A2 inhibitor (e.giprofloxacin,
fluvoxamine) in thepresence of a strong CYP3A4/5 anB-glycoprotein P-gp) inhibitor (e.g,
ketoconazole),pomalidomide exposure is increased. However, ketoconazole in the absence of a
CYP1A2 inhibitor does not increase pomalidomide exposure. If it is medically necessary to co
administer strong inhibitors of CYP1A2 in theesenceof strong inhbitors of CYP3A4 and-dgp,
pomalidomide dose should be reduced by60

Patients takindedratinib (Inrebic) should avoid dual CYP3A4 and CYP2C19 inhibitors; concomitant use
has not been evaluated.

Coadministration of CYP3A4 Inducers

Administration ofibrutinib (Imbruvica) bosutinib (Bosulif) dasatinib (Sprycel)duvelisib (Copiktra),
glasdegib (Daurismoyenetoclax (Venclextaimatinib Gleeveg, nilotinib (Tasigna)delalisib (Zydelig)
panobinostat (Farydak) ivosidenib, ixazomib (Ninlar) midostaurin (Rydapt) acalabrutinib
(Calquence)ponatinib (clusig) and zanubrutinib (Brukinsajvith potent inducers of CYP3A&%.g.,
dexamethasone, phenytoin, phenobarbital, carbamazepine, rifagnpid ® W2 KnjfaQuiin) iay NI >
result in decreases in plasma concentrationshalse agentsConcurrent use athese medicationsvith

strong inducers of CYP3A4 should be avoided or used with calftibese agents must be used with a
CYP3A4 inducer, a dose increasay be consideredfor some agentgexcept ponatinib[Iclusig or
zanubrutinif. Concurrentuse of glasdegib with moderate CYP3A4 inducers should be avoided; if this is
not possible, the dose of glasdegib should be incrdaas tolerated, according to dosingstructions
provided in the prescribing informatioiModerate and strongCYP3A inducers should be avoided
patients receivinganubrutinib.

Fedratinib (Inrebic) should also be avoided with moderate or strong CYP3A4 inducers; concomitant use
has not beerevaluated.

Ivosidenib also induces CYP3A4 and may induce CYP2C9. Therefore, ivosidenib may decrease the
concentrations of CYP3A4 or CY2€lbstrates. Ivosidenib should not be coadministered with
itraconazole oketoconazoledue to the expected loss of afungal efficacy. Patients may also need to
consider alternative methods of contraception if taking ivosidenib with hormonal contraceptives as the
concentrations ofhese drugs may be reduced.

Substrates of CYP3AZYP2D6, CYP2@8/P2C19

Dasatinib(Sprycel) duvelisib (Copiktra)imatinib Gleeveg, idelalisib (Zydelig)and nilotinib (Tasigna)

are also inhibitors of CYP3A4 amdhen ceadministeed with drugs eliminated by this enzyme, they
have the potential to increase the plasma concentrations of the CYP3A4 substrates. Caution is advised
when usinghese agentsvith CYP3A4 substrates that have a narrow therapeutic index (e.g., alfentanil,
cyclesporine, ergot alkaloids, fentanyl, pimozide, quinglisirolimus, and tacrolimus).
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Coadministration of fedratinib (Inrebic) with drugs that are CYP3A4, CYP2C10, or CYP2D6 substrates
may increase the concentrations of the substrates; patients should betared for increased adverse
effects.

Nilotinib is a competitive inhibitor of CYP2D0Oatinib may have a weak inhibitor effect on CYP2D6
mediated metabolism and caution is recommended when administermgtinib with CYP2D6
substrates that have a narrotiherapeutic window Nilotinib is also a competitive inhibitor of CYP2C8
and CYP2C9%anobinostat should not be administered with sensitive CYP2D6 substrates (e.g.,
dextromethorphan, metoprolol, venlafaxine) or CYP2D6 substrates that have a narrow thecapeut
index (e.g., thioridazine, pimozide).

Warfarin
Warfarin is metabolized by CYP2C9 and3B¥P

Avoid concomitant use with warfarinith these agentsimatinib Gleevegandnilotinib (Tasigna).

Patients receiving warfarin anaercaptopurine lenalidomide(Revlimid) venetoclax (Venclextaand
vorinostat (Zolinza3hould have theimternational normalized ratiod\lR$ monitored closely

Patients receiving concomitattydroxyurea melphalan or mercaptopurinemay have an additive risk
of bleeding due tdhe thrombocytopenic effectsf these agents.

P-glycoprotein (Rgp) Inhibitorsand Qubstrates
P-gp Inhibitors

Avoid the use obosutinib (Bosulifand venetoclax Yenclexta with P-gp inhibitors(e.g, amiodarone,
azithromycin, captopril, carvedilol, cyclosporine, felodipine, quinidine, ranolazine, ticagesoan
increase in plasma concentratismmay occur.lf venetoclax(Venclexta)must be administered in
conjunction with a Ryp inhibitor, reduce tle dose of venetoclax by at least 50Panatinib (Iclusig)
venetoclax and nilotinib (Tasigna) are alsmhibitors of Pgp and therefore havethe potential to

increase levels of-Bp substrates and, therefore, should be used with caution on narrow therage

index Rgp substrates (e.gdigoxin, everolimus, sirolimus).

P-gp Substrates

Nilotinib (Tasignajs alsoa substrateof P-gp. If it is administered with an inhibitor of-§p, increased
concentrationsof nilotinib are likely; caution should bexercised.

Lenalidomide is a substrate of-gp. When digoxin was eadministered with multiple doses of
lenalidomide, the digoximmaximum concentrationGmay and area under the concentration curve
(AUQ were increased by P4 Periodic monitoring of digaxiplasma levels is recommended.

UGT1A1 and UGT1/ABbstrates
Nilotinib (Tasignals a ompetitive inhibitor of UGT1AL.

Live Vaccines

Examples of live vaccines are: intranasal influenza, measles, mumps, rubella, oralBpolitus
CalmetteGuérin BCG anti-tuberculosis) yellow fever, varicella, and TY21a typhoid vaccimeiiction
of immunity to infectious agents or vaccines wilkely be subnormal in patients receiving
mercaptopuring melphalan andhydroxyurea

Oncology Oral, Hematologic Cancers RevieAugust 2020 M Il R
Page39 | Proprietary Information. Restricted AccesBo not disseminate or copy withoapproval. age an X
© 2010-2020 Magellan Rx Management. All Rights Reserved. MANAGEMENT..



Acetaminophen

At therapeutic levels,imatinib (Gleeveg inhibits Gglucuronidation of acetaminophen. Systemic
exposure of acetaminophen may be increased wheradministered withimatinib, resulting in
abnormalities in liver function tests; cautious use of these agents concurrently is advised

Antacids

Concomitant administration adasatinib (Sprycelacalabrutinib (Calquence)y ponatinib (Iclusigyvith
antacids may result in reduced systemic exposuretheflse medications Therefore, simultaneous
administration of these agentswith antacidsshould be avoided. In patients requiring treatment with
antacids, the antacid should be given at leastours prior to or2 hours after the dose ofiasatinibor
acalabrutinib

Histamine2 (Hz) Receptor Blockers/Proton Pump Inhibitors (PPIS)

H> receptor blockers and proton pump inhibitors are associated with-kemgn suppression of gastric
acid secretiorthat may result in reduced systemic exposuredasatinib (Sprycelnilotinib (Tasigna)
and ponatinib (Iclusig)Concomitant use of Heceptor blockers or proton pump inhibitors with tee
agentsis, therefore, not recommended.

Due to the longasting effect on gastric acid, concomitant use of proton pump inhibitors with
acalabrutinib (Calquence) should be avoidei@receptor blockers mushe given 2 hours before doses
of acalabrutinib

Concomitant lansoprazole (PPI) decreabedutinib (Bosulif) Cmax by 46and AUC by 26compared

to bosutinib alone. Consider using sheatting antacids or Hblockers instead of PPIs to avoid a
reduction inbosutinibexposure. Separate antacid op blocker dosing andosutinibdosing by more
than 2 hours.

H2 blockers such as famotidine and cimetidine may cause additive bradycardia when used with
thalidomide.

QTlInterval Prolongation

The administration ohilotinib (Tasignp ivosidenib(Tibsovo)glasdegib (Daurismond panobinostat
(Farydak) with agents that may prolong the QT interval (e.g.,-artiythmics clarithromycin,
methadone, ondansetron) shoulte avoided.

CigaretteSmoking

Cigarette smoking may reduce pomalidomide exposure due to CYP1A2 induction

Other

In HItinfected patients undergoing herapy with hydroxyureaand didanosine, with or without
stavudine, fatal and nonfatal pancreatitisoccurred. Hepatotoxicity and hepatic failure resulting in
death have been reported duringostmaketing surveillance in Hikfected patients treated with
hydroxyureaand other antiretroviral agents. Fatal hepatic events were reported most often in gatien
treated with the combination ohydroxyurea didanosine, and stavudine. This combination should be
avoided
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Sincehydroxyureamay raise the serum uric acid level, dosage adjustment of uricosuric medication may
be necessary.

Severe thrombocytopenia andl Gleeding have been reported with concomitant usevofinostat
(Zolinzajand other HDAC inhibitors (e.g., valproic acid). Monitor platelet coewery2 weeks for first
2 months.

Coadministrationof ponatinib and substrates of the ABCG2 transport systée.g, methotrqxate,
imatinibx € I LI GAYA0X NRadzlaodl GAyZ adzZ FFHalrtlrTAySOo Y
transporter systems.

Nalidixic acid is contraindicated in patients undergoing concomitant therapy maphalanor other
alkylating agents because of reports of serious Gl toxisitgh as hemorrhagic ulceratielitis or
intestinal necrosis.

When allopurinol is cadministered with mercaptopuring the dose of mercaptopurine must be
reduced to onethird to onequarter of the usual dose to avoid severe toxicifphe dosage of
mercaptopurinemay need to be reduced when this agent is combined with other drugs whose primary
or secondary toxicity is myelosuppressidinhanced marrow suppression has been noted in some
patients also receiving trimethopriraulfamethoxazole. There is vitro evidence that aminosalicylate
derivatives (e.g.mesalamine or sulfasalazine) may inhibit the TPMT enzyme and should be used with
caution in patients receiving concomitantercaptopurne therapy. Conversely, no dose adjustment is
necessary when thioguanine is administered concomitantly with allopurinol.

There is usually complete cresssistance between mercaptopurine and thioguanine.

Opioids, antihistamines, antipsychotics, antiamxiagents and othercentral nervous systemCN$
depressantsincluding alcohglwhen used concomitantly with thalidomide may cause additive sedative
effect and should be avoided.

Calcium channel blockers, beta blockers, alpha/ksteenergicblockers, dgoxin lithium, tricyclic
antidepressants and neuromuscular blockers should be used with caution in patients receiving
thalidomide as they may cause an additive bradycardic effect.

Bortezomib, amiodarone, cisplatin, docetaxel, paclitaxel, vincristingulfdam, phenytoin,
metronidazole and alcohol may cause additive peripheral neuropathy when administered with
thalidomide.

Hormonal contraceptives increase the risk of venous thromboembolism. It is not known whether
concomitant use of these agents withalidomide further increases the risk of thromboembolism.

Concomitant use of hormonal contraceptives with #bdtease inhibitors, griseofulvin, modafinil,
penicillins, rifampin, rifabutin, phenytoin, carbamazepi@ NJ { 6 @ W2 Ky Q& g 2 NI
effectiveness of hormonal contraceptives. Therefore, female patients taking thalidomide who require
treatment with any of these agents must u8ether effective methods of contraception.

Erythropoietic agents, estrogetontaining therapies and other agents may increase the risk of
thromboembolism and should be used with caution in multiple myeloma patiaetseiving
thalidomide orlenalidomideand dexamethasone.

Tretinoin should not be administered in combination with vitamin A due to a rislyérvitaminosis
Caution should be exercised when tretinoiradministeredconcomitantly with antfibrinolytic agents
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such as tranexamic acid, aminocaproic aoiaprdinin. Avoid the use of tretinoin with other drugs
known to cause pseudotumor cerebri/intracranial hemorrhage such as tetracyclines.

Gilteritinib can decrease the efficacy ofedications that act on the SHJ receptor or the sigma
nonspecific receptor (g., escitalopram, fluoxetine, sertralinegvoid concurrent use of these
medicationsif possible.

There are no known drudrug interactions with chlorambucil (Leukergnknasidenib (ldhifa),
melphalan (Alkeran)or selinexor (Xpovio)Selinexoris a subsate of CYP3A4JGTs, and GSTs, but no
formal drug interaction studiesave been conducted.
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ADVERSE EFFERS.212213214215216217,218219,220,221,222,223224,225,226,227,228229,230,231,232,233 234, 235,236,237

Adverse effects reported below are the incidences for all grades of sevatiégs otherwise noted

Fluid Skin Muscle Q@ | d
Drug Retention/ | Diarrhea | Headache Nausea | Hemorrhage| Pain/ Stomatitis : HTN
Rash . Anemia
Edema Myalgia
acalabrutinib (Calquence) nr 31 39 18 19 8 21 nr 46 nr
n=124
MCL
n=357 (ELEVATFEN nr 3539 3940 25-26 20-22 20 32-37 nr 52-53 5
acalabrutinib alone or with
obinutuzumab)
gtf TEIEy LT g nr 18 22 g nr 16 15 nr 47 3.2
n=1% (ASCEND, acalabrutir
alone
CLI¢ relapsed or refractory
bosutinib (Bosulif)
n=546
CMLc resistant/intolerant to 14 82 N 35 46 N reported N 27| reported
imatinib Gleeveg
gﬁﬁzi?éiﬁigzzﬁ?oleram o| 21 1831 1533 1521 1823 11-26 019/3-13 | 1-<10 1374 | 1-<10
iCrinl\jlltLinirl?e(vallesi\:iegtnosed 23 18 12 11 9 6 612
(imat?nib [ Gﬁ’eevggc) (43) (19) (10) (17) 1) (5) (12-16) nr nr nr
CMLg newlydiagnosed
chroﬁic phgse ° 38 22 14 14 10 8 7 nr nr nr
(imatinib[Gleevec)) (45) (23) (11) (18) (25) (®) (12)

Adverse effects are reported aspercentage. Adverse effects data are obtained from package inserts and are not meant to be comparative or all incidsinees
for the placebo group are indicated in parentheses unless otherwise spedifiechot reported Hb = hemoglobinHTN =hypertension
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Adverse Effects (continued)

Fluid Muscle Q@ |
Drug Retention /| Diarrhea | Headache| SkinRash | Nausea | Hemorrhage | Pain/ | Stomatitis . HTN
. Anemia
Edema Myalgia
dasatinib (Sprycel)
Ph+ ALK resistant or 19 31 nr 16 24 19 nr nr nr nr
intolerant (adults)
Ph+ ALK newly diagnosed 47 84 77 68 84 nr 83 93 82 47
with chemotherapy
(pediatrics)
duvelisib (Copiktra)
n=158 11 57 nr 27 23 nr 17 nr 55 nr
CLL/SLL
duvelisib (Copiktra)
n=96 nr %20 %20 %20 %20 nr %20 %20 %20 nr
FL
enasidenib(ldhifa) up to 21 43 nr reported 50 nr nr nr nr nr
fedratinib (Inrebic) 66 40
n=191 nr (16) 9(1.1) 9(1.1) 62 (15) nr nr nr (14) 4.2
gilteritinib (Xospata) 40 35 24 36 30 reported 50 41 nr nr
n=319
glasdegib (Daurismo) with
cytarabine 30 18 12 20 29 36 30 21 43 Ar
n=111 (20) (22) (20) @) (12) (42) a7) (12) (42)
(cytarabine only, n=41)
ibrutinib (Imbruvica)
cGVHD 12 36 17 12 26 26 14 29 24 nr
ibrutinib (Imbruvica)
CLISLL 1922 42-59 12-19 21-27 20-26 reported 25-36 14-21 36-43 14-16

Adverse effects are reported as a percentage. Adverse effects data are obtained from package inserts and are not meanmtparbéve or all inclusivéncidences
for the placebo group are indicated in parentheses unless otherwise specifiechot reported Hb = hemoglobindTN = hypertension
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Adverse Effects (continued)

Fluid Muscle Q@ |
Drug Retention | Diarrhea | Headache| SkinRash | Nausea | Hemorrhage | Pain/ | Stomatitis . HTN
. Anemia
/Edema Myalgia
ibrutinib (Imbruvica) with
rituximab (n=352)
CLL/SLL 28 53 40 49 40 31 61 22 26 42
(fludarabine + (7) (27) (27) (29) (64) (8) (35) (8) (51) (22)
cyclophosphamide +
rituximab) (n=158)
ibrutinib (Imbruvica) 35 51 13 25 31 nr 11 17 41 nr
MCL
ibrutinib (Imbruvica) 24 43 13 29 25 30 40 17 43 14
MZL
ibrutinib (Imbruvica) 17 38 14 21 21 28 21 15 21 14
WM
idelalisib(zydelig) Ar 21 Ar 18 25 Ar 7 6 nr nr
CLL (16) (6) (21) (4) (2)
idelalisib (Zydelig) 15 68 16 31 42 o o o 41 o
Indolent NHL (10) 47 (11) (21) (29) (28)
imatinib (Gleevec) 3849/
61.7-76 4357 27-36 36-47 49.571 28.953 0.1-1 6-42 0.1-1

CML 9-27
ggﬁ”'b(G'ee"ec) 76.786.1 | 56.258.2 | 19.722 | 38.1:49.8 | 58.1645 | 12.313.3 nr 9210 | 32348 | 0.11
ivosidenib (Tibsovo)
newly diagnosed AML 43 61 11 14 36 nr 25 21 54 nr
ivosidenib (Tibsovo) 32 34 16 26 31 18 28 60
relapsed/refractory AML nr nr
ixazomib(Ninlaro) 25 42 19 26
n=720 (18) (36) nr (11) 1) nr nr nr nr nr

Adverse effects are reported as a percentage. Adverse effects data are obtained from package insarésrextadneant to be comparative or all inclusivecidences
for the placebo group are indicated in parentheses unless otherwise specifiechot reported Hb = hemoglobindTN = hypertension
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Adverse Effects (continued)

Fluid Muscle Q@ |6
Drug Retention/ Diarrhea | Headache| Skin Rash| Nausea | Hemorrhage Pain/ Stomatitis . HTN
. Anemia
Edema Myalgia
lenalidomide/
dexamethasone
(Rza(vlimid) éi) (23) nr (291) é% nr reported nr (2‘11) (g)
(dexamethasone/placebo)
in multiple myeloma
lenalidomide
(myelodysplastic 20 49 20 36 24 nr 9 nr 11 6
syndrome}
lenalidomide
(MCL) nr 31 reported 22 30 nr reported nr 31 nr
lenalidomide
(FL or MZL) 13 31 15 22 reported nr 4.5 5 16 nr
midostaurin(Rydapt) ar ar 46 ar 83 Ar 33 66 Ar 8
n=345, AML (38) (70) (31) (62) (nr)
midostaurin(Rydapt)
n=142, ASM 40 54 26 14 82 14 35 nr 60 nr
nilotinib (Tasigna)
n=438 CML 823

. . 11 19-22 21-31 28-33 1831 14 1-10
resistant/intolerant to reported reported
imatinib (Gleevec)

_ oo . 7 (all
26(2)7r23"t(\3/\§:2|ebd(;ﬁys ) 8 14 28 36 19 reported 14 reported grades) 1-10
CMe:newly diagnosed (37) (37) (16) (16) (38) (16) (5)3(%ade
(imatinib [Gleeveq]
panobinostat (Farydak) +
bortezomib +
dexamethasone (29) (ig) nr reported (3613) nr nr nr (gé) reported
(placebo +bortezomib +
dexamethasone)
pomalidomide(Pomalyst) 23 34 reported 22 nr reported reported nr 38 nr
monotherapy inMM P P P

Adverse effects are reported as a percentage. Adverse effects data are obtained from package inserts and are not meamparagve or all inclusive. Incidences
for the placebo group are indicated in parentheses unless otherwise specifiechot reported; Hb = hemoglobin; HTN = hypertension
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Adverse Effects (continued)

Fluid Muscle Q@ |6
Drug Retention/ Diarrhea | Headache| Skin Rash| Nausea | Hemorrhage Pain/ Stomatitis . HTN
. Anemia
Edema Myalgia
pomalidomide (Pomalyst)
monotherapy in KS 29 32 nr 71 36 reported nr nr 54 nr
ponatinib (Iclusig)
CMl:any phase 19 26 39 54 32 11 22 23 55 71
n=417
Ph+ALL 22 13 25 34 22 9 6 9 34 53
n=32
ruxolitinib (Jakafin=155 ar nr 14.8 nr nr Ar Ar Ar 96.1 nr
myelofibrosis (5.3) (86.8)
ruxolitinib (J_akafm:]_‘LO B 15 %15 nr 6 nr nr nr 72 5
polycythemia vera
ruxolitinib (Jakafip=71
aGVHD 51 24 21 23 nr 49 nr nr 75 20
selinexor (Xpovio) n=202
MM nr 44 10 nr 72 reported nr nr 59 nr
selinexor (Xpovio) 34
DLBCL 17 37 4.5 nr 57 10 15 nr 82 nr
;heﬂfgglf;sglalomld) P 34 nr nr 30 13 nr 17 nr nr nr
(dexamethasone alone) (25) (18) (12) (14)
venetoclax(Venclexta)
CLL/SLL 22 1943 11 1318 1942 nr 29 13 3-33 nr
m‘ftoc'a" (Venclexta) 3146 3854 nr 3133 4664 46-49 1031 nr 1561 | 1215
vorinostat(Zolinza) 13 52 12 nr 41 nr 20 nr 14 nr
zanubrutinib (Brukinsa) nr 23 4.2 36 nr 11 14 nr 14 12

Adverse effects are reported as a percentage. Adverse effects data are obtained from package inserts and are not meamparaéve or all inclusive. Incidences
for the placebo group are indicated in parentheses unless otherwise specified. nr = not reported; Hb = hemoglobin; HTiEnsioype
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In clinical studies with patients with previously treated MCL, the most common adverse reactions
repoi SR Ay GKS FTOFfFoNHzZiAYADd FNY 200dzNNAYy3I Ay >
thrombocytopenia (44%), headache (39%), neutropenia (36%), diarrhea (31%), fatigue (28%), myalgia
(21%), and bruising (21%). The most common grade 3 or greatenaroatologcal adverse reaction

reported was diarrhea (3%). The mostfrequently occurringadverse reactiongincidencexx o) of -

any grade in patients with CLWwho received acalabrutinibwere anemia, neutropenia,
thrombocytopenia, headache, upper respiratory tract infection, and diarrhea.

The most common adverse reaction to chlorambucil is bone marrow suppression and Gl toxicities, such
as nausea, vomiting, diarrhea, and oral ulceratidrticaria and severe dermatologic hypersensitivities,
such as erythema multiforme, toxic epidermal necrolysis (TEN), and St@slenson syndrome (SJS)
have been reported. CNS side effects, including tremors, muscular twitching, myoclonus, confusion,
agitation, ataxia, flaccid paresis, and hallucinations along with generalized seizures, have been rarely
reported with chlorambucil.

In addition, pulmonary fibrosis, hepatotoxicity and jaundice, drug fever, peripheral neuropathy,
interstitial pneumonia, sterileystitis, infertility, and secondary malignancies, including leukemia, have
been reported.

Nephrotic syndromeas well as thrombotic microangiopattgssociated with dasatinib (Sprycel) has
been identified as a postmarketing adverse evemhrombotic micrangiopathy associated with
bosutinib (Busulfan), imatinib (Gleevec), nilotinib (Tasigna), and ponatinib (Iclusig) has also been
identified as a postmarketing adverse event for these medicatiohgerial (including aortic)
aneurysms, dissections, and rupg&y impaired wound healing; and Gl perforation/fistuteve also

been reported as postmariketing experience adverse reaction for ponatinib. Hypothyroidism has been
reported as a clinically significant adverse event occurring in 3% of ponatinib patights jihase 2

study; hyperthyroidism has also been reported gmatmarketing adverse event with ponatinib.

The most common adverse reactions occurrings20% of patients treated with duvelisib in the clinical
trials evaluating the Bell malignancies IL/SLL and FL not listed above were neutropenia, fatigue,
pyrexia, cough, nausea, upper respiratory infection, pneumonia, musculoskeletal pain, and anemia.

The most common adverse reactions or laboratory abnormalities reported with enasidenib in clinical

trials not listed above were elevated bilirubin (81%), decreased calcium (74%), decreased potassium
(41%), decreased appetite (34%), vomiting (34%), decreased phosphorus (27%), differentiation
syndrome (14%), dysgeusia (12%), noninfectious leukocytosig,(aB#tumor lysis syndrome (6%).
hiKSNJ I ROSNES STFSOGA NBLR2NISR Ay X wmmE: 2F LI GAS
distress syndrome.

¢KS Y2aiG 02YY2y I ROSNBRS NBIFIOGA2ya O0AYOARSYOS x ™
vomiting, fatigue/asthenia, muscle spasms, increased serum creatinine, and extremity pain.

The most common adverse reactigreecurring in 10% of patients treated with gilteritinib in the

clinical trial that were nofhematological in natureand not included abovewere increased
transaminase, fatigue/malaise, fever, dyspnea, cough, constipation, eye disorders, dizziness,
hypotension, vomiting, renal impairment, abdominal pain, neuropathy, insomnia, and dysgeusia. Other
clinically important aderse events occurring i"K10% of patients were ECG QT prolongation (9%),
hypersensitivity reactions (8%), pancreatitis (5%), cardiac failure (4%), pericardial effusion (4%), acute
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febrile neutrophilic dermatosis (3%), differentiation syndrome (3pe€ricarditis/myocarditis (2%),
large intestine perforation (1%), and posterior reversible encephalopathy syndrome (1%).

The most common adverse events, occurring ¥n20% of patients treated with glasdegib in
combination with lowdose cytarabinenot listed abovewere anemia, fatigue, hemorrhage, febrile
neutropenia, thrombocytopenia, dyspnea, decreased appetite, dysgearsiszonstipation.

¢CKS Y2adG 0O02YY2y IROSNARS S@Syda ox HE:0 2F lye
leukocytosis, arthralgia diarrhea, dyspnea, edema, nausea, mucositis, electrocardiogram QT
prolonged, rash, pyrexiagough,and constipation. The most common adverse reactions leading to
dose interruption were QT prolongation (7%), differentiation syndrome (3%), leukocytosis aB3dbo
dyspnea (3%).

Hydroxyureause may causelermatological reactions, such as maculopapular rash, skin ulceration,
dermatomyositislike skin changes, peripheral and facial erytherRalmonary toxicity has been
associated with hydroxyurea as a postmarnkg adverse event.

The most frequent adverse reaction to hydroxyurea, mercaptopyridad melphalan is
myelosuppression.

Nausea, vomiting, diarrhea, oral ulceration, and liver dysfunction have been reported with melphalan.
Other reported adverseeactions include pulmonary fibrosis (some with fatal outcomes), interstitial
pneumonitis, and dermatologic issues, such as hypersensitivity rash.

Ventricular tachyarrhythmias occurred in 1% of patients treated with ibrutinib (Imbruvica) in clinical
trials compared to 0.2% treated with control. Atrial arrhythmias occurred in 7% treated with ibrutinib
compare to 1.5% treated with controlAdditionally, ischemic cerebrovascular events (e.g.,
cerebrovascular accidents, ischemic stroke, cerebral ischemiaransignt ischemic attack) occurred

in 1% of ibrutinibtreated patients compared to 0.4% of control patiemggfade 3: 0.5% versus 0.2%,
respectively) Variouspostmaketing experience adverse reactions have been repovtét ibrutinib,
including nterstitial lung diseasas well as skin and subcutaneous disorders (su@tegenslohnson
Syndrome (SJS)nycholysis panniculitis,neutrophilic dermatoses Longterm safety data, including
follow-up over 5 years 01,178 patients (treatmenhaive CLL/SLI=162, relapsed/refractory CLL/SLL
n=646, and relapsed/refractory MCL n=370) demonstrated the cumulative rate of hypertension
increased over time with prolonged uséibrutinib; forxxgrade 3 hypertension, the prevalence was 4%
for year O to 1, 6%or yearl to 2, 8% for year 2 to 3, 9% for year 3 to 4 and for year 4 Tth&overall
incidence for the 5/ear treatment periodvas11%.

Serious or fatal infections occurred in 21% of patients treated with idelalisib monotherapy and in 36%
of patients treatedwith idelalisib combination therapy in clinical trials. The most common infections
were pneumoniasepsis,and febrile neutropenia. Serious of fatgheumocystis jirovecpneumonia

(PJP) or cytomegalovirus (CMV) infections occurred in < 1% of iddladesibd patients.

Pseudoporphyria associated with imatinib has been identified as a postmarketing adverse effect.

Herpes zoster was reported in 4% of patient receiving ixazomib compared to 2% of patients receiving
placebo in clinical trials. Patients wheceived antiviral prophylaxis while receiving ixazomib had a
lower incidence (< 1%) of herpes zoster compared to patients who did not receive prophylaxis (6%).

Eye disorders were reported in 26% of patients who received ixazomib/lenalidomide/dexame¢hason
compared to 16% of patients who received placebo/lenalidomide /dexamethasone in clinical trials. The

Oncology Oral, Hematologic Cancers RevigAugust 2020
Page49 | Proprietary Information. Restricteficcess; Do not disseminate or copy without approval. Mage"an Rx
© 20102020 Magellan Rx Management. All Rights Reserved. MANAGEMENT..



most commonly reported events were blurred vision, dry eye, and conjunctiitigressive multifocal
leukoencephalopathy (PMLangioedema, aGVHRnd solid organ transplant rejectiomave been
reported with lenalidomide in the postmarketing setting.

In clinical studies with patients with AML, the most commonly reported adverse reactions that
200dzZNNBR Ay x wmE: 27F LI 0A S yniddstadriry d&mthen iriibie pl¥cedls T NB
arm included febrile neutropenia (83%), nausea (83%), mucositis (66%), vomiting (61%), headache
(46%), petechiae (36%), musculoskeletal pain (33%), epistaxis (28%);rdtatee infection (24%),
hyperglycemia (20%), upper respiratory tract infection (208@morrhoids (15%), arthralgia (14%),
hyperhidrosis (14%), activated partial thromboplastin time prolonged (13%), renal insufficiency (12%),

and insomnia (12%). The most frequent serious adverse reaction in the AML study population was
febrile neutropenia 16%), which was equal to the incidence of febrile neutropenia in the placebo arm

(16%). The most frequent adverse reaction leading to midostaurin discontinuation on the AML study

was renal insufficiency (1%).

In clinical studies with patients witASM, SMAHN, or MCL, the most commonly reported adverse
NEBFOlA2ya GKFEG 200dzNNBR Ay x wMmE: 2F LI GASyda | yR
the placebo arm included nausea (82%), vomiting (68%), diarrhea (54%), edema (40%), musculoskeletal
pain 35%), abdominal pain (34%), fatigue (34%), upper respiratory tract infection (30%), constipation
(29%), pyrexia (27%), headache (26%), dyspnea (23%), arthralgia (19%), cough (18%), urinary tract
infection (16%), GI hemorrhage (14%), rash (14%), dizzihd%s),(pleural effusion (13%), epistaxis
(12%), insomnia (11%), QT prolongation (11%), renal insufficiency (11%), herpesvirus infection (10%),
and pneumonia (10%). Adverse reactions led to dose modifications in 56% of patients. The most
common adverse evestthat led to midostaurin dose modifications in the ASM trial were Gl
symptoms, QT prolongation, neutropenia, pyrexia, thrombocytopenia, Gl hemorrhage, lipase increase
and fatigue. Treatment discontinuation due to adverse reactions occurred in 21% ohtsatikese

adverse events included infection, nausea or vomiting, QT prolongation, and GI hemorrhage.

Other frequent serious adverse effects reported with panobinostat included pneumonia (18%),
thrombocytopenia (11%), fatigue (6%), and sepsis (6%). Aalveestions led to discontinuation of
panobinostat in 36% of patients treated in the clinical trial. The most common adverse reactions
resulting in treatment discontinuation were diarrhea, fatigue, and pneumonia.

Postmarketing adverse effects identifiedrfpomalidomide include severe cutaneous reactions and
elevated liver enzymesAdditional postmarketing adverse reactions for pomalidomide include
hypothyroidism, hyperthyroidism, anaphylaxis, solid organ transplant rejectiuh others.

SJS has also beeeported as a postmarketing adverse effect of ponatinib.

Ruxolitinibis associated withitrombocytopenia (all grades) 6940f ruxolitinib (Jakafipatients versus
30.%% of placebo. Neutropenia (all grades) occurred in ¥8of ruxolitinib (Jakafipatients versugt%

of placebo. Weight gain was reported in % df ruxolitinib (Jakafiyersus 1.%6 ofplacebo patients (all
grades).

The most common adverse effects, occurringyr20% of MM patients treated with selinexorn
combination with dexamethaste, not listed above were thrombocytopenia, fatigue, decreased
appetite, decreased weight, vomiting, hyponatremia, neutropenia, leukopenia, constipation, dyspnea,
and upper respiratory tract infectionOther adverse reactions, occurring 10% ofMM patients
treated with selinexor in combination with dexamethasone wereugh, memal status changes,
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pyrexia, hyperglycemia, dizziness, insomnia, lymphopenia, dehydration, hypénareatia

pneumonia, epistaxis, hypokalemia, dysgeusiad blurred vison. In patients with DLBCL, the most

common adverse reactions occurring »20% of patientsand not listed in the table above were

fatigue, appetite decrease, weight decrease, constipation, vomiting, and pyrexia; grade 3 to 4
laboratory abnormalites2 OOdzNNAY 3 Ay x wmMpx 2F LI GASyGa oSNB
neutropenia, anemia, and hyponatremia.

Vorinostatis commonly associated withste disorders.

SJSPRESSulmonary hypertensionand viral infections associatedith thalidomide haveall been
reported inpostmarketing experience.

Serious adverse reactions were reported in 44% of patients who received venetoclax in clinical trials.
Those serious adverse reactions occurring in 2% or greater were pneumonia, febrile neutropenia,
pyrexia, aubimmune hemolytic anemia, anemia, and tumor lysis syndrome.

The most common adverse reactions to tretinoin include headache, fever, skinf/mucous membrane
dryness, bone pain, nausea/vomiting, rash, mucositis, pruritus, increased sweating, visual distsirbance
ocular disorders, alopecia, skin changes, changed visual acuity, weakness, and Thaigeas a risk of
evolving leukocytosis as well as-RRLsyndrome,which is characterized by fever, dyspnea, acute
respiratory distress, weight gain, radiograppigimonary infiltrates, pleural and pericardial effusions,
edema, hepatic, renal, and multrgan failure. The syndrome usually occurs during the first month of
treatment with some cases reported following the first dose of tretinoin.

The most common advess STFFSOGa ox HE2O0 NBLR2NISR gAGK T ydzm
neutrophil count (53%), decreased platelet count (39%), upper respiratory tract infection (38%),
decreased white blood cell count (30%), decreased hemoglobin (29%), rash R@&6Fing (23%),

diarrhea (20%), and cough (20%). Other common adverse effects occurring in > 10% of patients
included musculoskeletal pain (19%), pneumonia (18%), urinary tract infection (13%), hematuria (12%),
fatigue (11%), constipation (11%), and herhage (10%).

SPECIAL POBATIO N@8,239,240,24L242,243,244,245,246,247,248,249,250,251252,253,254,255,
256,257,258,259,260,261,262,263 264

Pediatrics

Safe and effective use dfie following agents in patients 18 years of age has not been established:
acalabrutinib (Calquence)psutinib Bosulif) chlorambucil Leukeran)duvelisib (Copiktragnasidenib
(Idhifa), fedratinib (Inrebic) gilteritinib (Xospata),glasdegib (Daurismo)hydroxyurea, ibrutinib
(Imbruvica) idelalisib (Zydelig)jvosidenib (Tibsovo)jxazanib (Ninlaro), lenalidomide (Reviid),
melphalan midostaurin (Rydapt),panobinostat (Farydak)pomalidomide (Pomalyst)ponatinib
(Iclusig) selinexor (Xpovio)enetoclax (Venclextayprinostat(Zolinza) andzanubrutinib (Brukinsa)

Safety and effectiveness of thalidomidevieanot been established in children12 yearsold.

Imatinib (Gleevec) is FD#&pproved in ewly diagnosed pediatric patients with Philadelphia
chromosome positive chronic myeloid leukemia (PGML) in chronic phasas well as pediatric
patients with newlydiagnosed Philadelphia chromosome positive acute lymphocytic leukemia (Ph+ALL)
at a dose of 340 mg/Aday (not to exceed 600 mgJhere are no data in children undgrear of age.
Growth retardation in children and pradolescents receivingnatinib has een reported. Therefore
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close monitoring of growth in children omatinib is recommendedThe overall safety profile of
imatinib in children is similar to adults with the exception that musculoskeletal pain is less frequent
(20.29), and peripheral edemwas not reported in a clinical trial of 93 children. Nausea and vomiting
were reported most commonly in children receivinggatinib.

Mercaptopurineis an essential part of the maintenance treatment of pediatric; Aldintenance doses

vary from patient to jatient and sometimes between protocols. The usual daily maintenance dose of
mercaptopurineis 1.5 to 2.5 mg/kg/day as a single dose given in conjunction with other agents (most
frequently methotrexate) for remission maintenanc€ases of symptomatic hypggemia have been
reported in children with ALL receiving mercaptopurine. Reported cases were in children under the age
of 6 orwith a low body mass index.

Dasatinib (Sprycel) is Fi2fproved in pediatric @tients with chronic phasfh+ CMland Ph+ ALWwith

the starting dose based on body weig#0 mg to 100 mgyiven once dailyThe dose should be
recalculated every 3 months based on body weight changes or as neledeg@ediatric patients with
CML, additional dose escalation recommendatiopsto the maximum dose of 120 mg per daye
provided in the prescribing informatiofror Ph+ ALL, begin therapy on or before day 15 of induction
chemotherapy once diagnosis is confirmed and continue for 2 y&dms.safety profile in pediatric
patients was compardbe to adults. Pediatric patients should be monitored for bone growth and
development. Five (5.2%) ofthe pediatric patients experienced adverse effects on bone growth
includingdelayed fusion oépiphyses, osteopenia, growth retardation, and gynecomastia.

Nilotinib (Tasigna) is FEdpproved in pediatric patientg1 year of age for new diagnosed Ph+ GOR-
and in Ph+ CMCP with resistance or intolerance to tyrosikiease inhibitor therapyThe clinical trials
included patientsk2 years of agdnclusio of patients tok1 year of age was based on efficacy in the 2
to 6 year old pediatric patients. All pediatric patients were treated with nilotinib at a dose of 230
mg/m? twice daily (haximum,400 mg).The safety profile was similar to adverse reactiobserved in
adult patients with the exceptons of increased hyperbilirubinemiagfade 2 to 4: 13%) and
transaminase elevation (ASjfade3 to 4: 1% ALTgrade 3 to 4: 9%).In pediatric patients, growth
retardation has occurred in patients with Ph+ G®IR eceiving nilotinib.

Safety and effectiveness of ruxolitinib (Jakafi) for acute GWibBN® been established in pediatric
LI GASyGa x mu @SIFENR 2F |3S o6FaSR SEGNI LREFIGISR SO

There are limited clinical data ohe pediatric use of tretinoin and safety and effectiveness in pediatric
patients below the age of 1 year have not been established. Increased caution is recommended in the
treatment of pediatric patients and dose reduction may be considered for pediataibenis
experiencing serious or intolerable toxicity; howewtie efficacy and safety of tretinoin at doses lower
than 45 mg/ni/day have not been established.

Pregnancy

The labels for thalidomide (Thalomid), lenalidomide (Revlirad}j pomalidomide (Poalyst) have
been updated to comply with thd’regnancyand Lactation Labeling Rule (PLLR) and contain a
contraindication, boxed warning, and REMS program due to the risk of erdsialdoxicity.

Thalidomide, lenalidomide, pomalidomidetenalidomide and pomalidomide are thalidomide
analoguesThalidomide is a human teratogen inducing a high frequency of severe atlréfgening

birth defects such aphocanelia (absence of limbs), phocomelia (short limbs), hypoplasticity of the
bines, d&@sence of bones, external ear abnormalities (including anotia, micropinna, small or absent
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external auditory canals), facial palsy, eye abnormalitiesoghthalmos microphthalmos) and
congenital heart defects. Alimentary tract, urinary traahd genitalmalformations have also been
documentedand mortality at or shortly after birth has been reported in about 40% of infants. Sexually
active females of reproductive potential should usm@thodsof reliable birth control simultaneously:

1 highly effectivdorm of contraceptiortubal ligation,intrauterine devicelUDZ K2 N 2y | f 2 NJ LJ
vasectomy and 1 additional effective contraceptive methadmale condom, diaphragmor cervical

cap. Contraception must begin 4 weeks prior to initiating treatment withlidomide and must be
continued for 4 weeks following discontinuation of thalidomide. Males receiving thalidomide must
always use a&ondomduring any sexual contact with females of reproductive potential while taking
thalidomide and for up to 2&laysafter discontinuing thalidomide even if they have undergone a
successful vasectomy.

Busulfan (Myleran), chlorambucil (Leukeramlasatinib (Sprycel)hydroxyurea,imatinib Gleeveg,
melphalan, ponatinib (Iclusig) procarbazine (Matulane), thioguanine (Taiol), and tretinoin may
cause fetal harm when administered to pregnant women and are classified as Pre@ategpryD.
Women should be advised not to become pregnant while on therapy with cinthese agerg
Mercaptopurine (Purixan), previously classified as Pregnancy Category lRgchds labelingipdated

to comply with the PLLRit states mercaptopurine may cause fetal harm if administered during
pregnancy and increases the risk for miscarriage and dfilbFemales of reproductive potential
should use effective contraception duritigerapywith mercaptopurineand for 6 months following the
final dose, andmales with female partners of reproductive potentighould use effective
contraception duringhergpy and for 3 monthdgollowingthe final dose.

Acalabrutinib (Calquenge bosutinib (Bosulif),duvelisib (Copiktra)enasidenib (Idhifa) gilteritinib
(Xospata), glasdegib (Daurismo)ibrutinib (Imbruvica) ivosidenib (Tibsovo) nilotinib (Tasigna
selinexor (Xpovig)vorinostat (Zolinza)and zanubrutinib (Brukinsaalso may cause fetal harm when
administered toa pregnhant wonan; however,their labeling includes descriptive text rather than an
assignedPregnancy Categorglue to the Pregnancy andadation Labeling Rule (PLLR)RSf $ f A & A O ¢
labeling was updated in compliance with the PLLR and now stiksdisib may cause fetal harm when
administered to a pregnant woman based on results of animal studies (there are no available data in
humans). Ruxolitinib (Jakafi) labeling waaso updated for compliance with PLLR and contains
summary data of adverse developmental outcomasanimals There are no studies with use of
ruxolitinib in pregnant women to determine riskikewise, there are no availebdata on the use of
fedratinib (Inrebic) in pregnant women to inform of any dragsociated risks to the mother or fetus.

Female patients of reproductive potential should use effective contraception during treatment with
acalabrutinib and for a minimumfd week following the last dose due to the potential for embryo
fetal harmand dystocia when administered to pregnant woméremales of reproductive potential
being treated with venetoclax, dasatinibr glasdegibshould use effective contraception meassr
during treatment and for at least 30 days after the final dose. Likewise, females of reproductive
potential being treated withduvelisib or ibrutinib should avoid pregnancye.g., use effective
contraception) during treatment and for up to 1 month afteending treatment. Females of
reproductive potential being treated witbnasidenibshould avoid pregnancy during treatment and for
at least 2 months after ending treatment.Men should avoid fathering a chilge.g., use effective
contraceptior) while receivingduvelisib or ibrutinib and for 1 month following the lastase of
treatment. Men should avoid fathering a child while receiviegasideniband for at least2 months
following the last dse of treatment. Females of reproductive potentiashauld use effective
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contraception during treatment and for at lea8tweeksafter the last doseof bosutinib. Females of
reproductive potential being treated with ponatinib should use effective contraception during
treatment and for 3 weeks after the last s@. Imatinib can cause fetal harm when administered to a
pregnant woman based on human and animal data. There have pestmaketing reports of
spontaneous abortions and congenital anomalies from women who have been exposed to imatinib
during pregnancy. émales of reproductive receiving imatinib should use effective contraception
during treatment and for 14 days after stopping imatinib treatmdfgémales of reproductive potential
should utilize effective contraception during treatment wifiteritinib andfor a minimum of 6 months
following the final dosglikewise, males of reproductive potential should use effective contraception
during treatment with gilteritiniband for a minimum of 4 months following the final dos&ales with
female partners of reprductive potential should utilize effective contraceptidaring treatment with
glasdegib and for a minimum of 30 days after the final désenales of reproductive potential as well
as male patients with a female partner of reproductive potential shoulel effective contraception
while taking selinexor and for 1 week following the last dés=males of repductive potential should
utilize effective contraception while takingprinostat and for a minimum of 6 months following the
final dose; males with feale partnersof reproductive potential should use contraception during
therapy and for a minimum of 3 months following the final doSemilar to selinexor, females of
reproductive potential and males with female partners of reproductive potential shosédaifective
contraception while receiving zanubrutinib and for at least 1 week after the last dose.

Ixazomib (Ninlaro) may cause fetal harm when administered to a pregnant woman. There are no
human data available; ixazomib caused embigtal toxicity inpregnant rats and rabbits at doses
resulting in exposures that were slightly higher than those observed in patients receiving the
recommended doseFemales of reproductive potential must use effective contraception during
treatment with ixazomib and for ® days following the final doseWomen using hormonal
contraceptives should also use a barrier method of contraception.

Panobinostat (Farydak) can cause fetal harm when administered to pregnant women. Panobinostat has
been found to be teratogenic in ratnd rabbits Females of reproductive potential being treated with
panobinostat should use effective contraception while taking panobinostat and for at least 3 months
after the last dose of panobinostat. Sexually active men receiving panobinostat shoutneems

while on treatment and for at least 6 months after their last dose of panobinostat.

Venetoclax(Venclexta)may cause fetal harm although there are no available human data; in animal
studies venetoclaxvas associated with increased péstplantation loss and decreased fetal body
weight at exposures approximately 1.2 times the human exposure at the recommended dose. No
teratogenicitywas observed in the animals exposed to venetoclax. Based on animaigBndnale
fertility may be compromised by treatment with venetoclax.

There are no available data on midostaufiRydapt)use in pregnant women to inform a drug
associated risk of major birth defects and miscarriage; however, midostaurin may cause fetal ha
when administered to a pregnant woman based on mechanism of action and findings in animal
reproduction studies. Advise pregnant women of the potential risk to a fefuliise females of
reproductive potential to use effective contraception duritrgatment with midostaurin and for 4
months after the last doseMales with female sexual partners of reproductive potential should use
effective contraception during midostaurin treatment and for at least 4 months after stopping
treatment. Based on findings amimals, midostaurin may impair fertility in females and males. It is not
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known whether these effects on fertility are reversibleemales exposed to midostaurin during
pregnancy directly othroughmale partner taking midostaurin should contact the maruitaer.

Renal Impairment

No clinical studies were conducted witicalabrutinib (Calquencefasatinib (Sprycel) melphalan
nilotinib (Tasigng)ponatinib (Iclusig) thalidomide chlorambucil (Leukeranpr vorinostat (Zolinza)in
patients with decreasedenal function. Renal impairment is not expected to influence drug exposure,
and no dosage adjustment of these products is recommended in patients with renal impairment.

Duvelisib (Copiktra) exposure was not found to be significantly altered in patietiisangreatinine
clearance (CrCl) between 23 to 80 mL/mimo dose adjustments are recommended for renal
impairment.

The dose of fedratinib (Inrebic) should be decreased in patients with severe renal impairmen1%CrCl
to 29 mL/min. No dosedjustmentis required in those with mild to moderate renal impairment;
however, those with moderate renal impairment require more intense safety monitoring.

Gilteritinib (Xospatapharmacokinetics were not found to be significantly altered in patients with a
CrChbetween 30 to 80 mL/min; the impact of a CH9 mL/min has not been evaluated.

Ibrutinib (Imbruvica) exposure is not altered in patients wittClgreater than 25 mL/min. There are no
data in patients with severe renal impairme@rCJ< 25 mL/min) oin patients undergoing dialysis.

Ivosidenib (Tibsovo) has not been evaluated in pasiemith severe renal impairment; the risks and
benefits should be assessed prior to initiating therapy in these patients. No modification is needed for
those with mild tomoderate renal impairment (eGFR > 30 mL/min/1.73.m

Selinexor (Xpovio) pharmacokinetics were not found to be sigmify altered in patients with a CrCl
between 15 to 89 mL/min; the impact of ersage renal disease (CrCl <15 mL/min) or hemodialysis
has not been evaluated.

No dose adjustment of venetoclax (Venclexta) is needed for patients with mild or moderate renal
impairment CrCJ » 30 mL/min). A recommended dose has not been determined for patients with
severe renal impairment or patients on djais.

No dose adjustment of idelalisib (Zydelig) is necessary for patientOnitbk15 mL/min.

The plasma exposure of panobinostat (Farydak) was not impacted in patients with mild to severe renal
impairment CrC| < 30 mL/min). However, panobinostataifiydak) has not been studied in patients
with end stage renal disease (ESRD) or patients receiving dialysis.

Agents withSecifiedRenal DoseModifications

Forimatinib Gleeveg, patients with renal impairmenfCrC| 20 to 39 mL/min) should receiva 50%
decrease in the recommended starting dose. Doses may be increased as tolertdies maximum
recommended dose of 400 mg dailyoses exceeding 600 mg are not recommended for patisith
a CrCl0to 59 mL/min Imatinibshould be used with caution in pants with severe renal impairment;
a dose of 100 mg per day was toleratedZyyatients with severe renal impairment

The dose of bosutinib (Bosulif) should be reduced to 400 mg daily in patients v@tClaf 30 to
50 mL/minand to 300 mg impatientswith CrCless than 30 mL/min at baseline.
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The dose ofedratinib (Inrebic) should bdecreasedo 200 mg once daily in patients with severe renal
impairment (CrCIL5 to 29 mL/min).

The exposure of ruxolitinib and its active metabolites increases in moderate and renal impairment and
in ESRD. Dose adjustments are recommen&edluceruxolitinib (Jakafi) starting dose to 10 mg twice
daily forthe treatment of myelofibrosis ipatients wth moderate CrCJ 30 to 59 mL/min) or severe

renal impairment CrCJ 15to 29 mL/min) and a platelet count between 100 ¥/10and 150 x 19L.

The starting dose for the treatment of myelofibrosis should be reduced to 5 mg daily in patients with
moderate (CrCJ] 30 to 59 mL/min) or severe renal impairmentrC| 15 to 29 mL/min) and a platelet
count between 50 x 1L to 100 x 16/L. Avoid ruxolitinib use in patients with myelofibrosis not
requiring dialysis with moderate or severe renal impairment andadetet count < 50 x L. The
recommended starting dose for myelofibrosis patients with ESRD on dialysis is 15 mg once after a
dialysis session for patients with a platelet colnattween 100 x 16/L and 200 x 1%L or 20 mg for
patients with a plateletount greater than100 x 16/L.

The dose of ruxolitinib for the treatment of polycythemia vera in patients with modei@t€J(30 to

59 mL/min) or severe renal impairmer@rC| 15to 29 mL/min) should be reduced to 5 mg twice daily.
The recommendedstarting dose for ruxolitinib in the treatment of polycythemia vera patients with
ESRD on dialysis is 10 mg daily.

Reduce the starting dose of ixazomib (Ninlaro) in patients with severe renal impairment or ESRD
requiring dialysis. Ixazomib is ndialyzalte and, therefore, can be administered without regard to the
timing of dialysis.

The recommended starting dose of pomalidomide is 3 mg dailywidr patients with severe renal
impairment undergoing dialysigzor KSpatients with severe renal impairmentvho are receiving

dialysis, the dosagshould be decreasetb 4 mg daily.Pomalidomide should be taken after the
completion of the dialysis procedure on hemodialysis days.

The starting dose of lenalidomide in patients with moderate renal impairm@nt)(30 to 60 mL/min)
should be reduced to 10 mg daily for the treatment of mantle cell lymphoma (M@ifjple myeloma
(MM), follicular lymphoma (FL), and marginal zone lymphoma (Mahd, to 5 mg daily for the
treatment of myelodysplastic syndrome (MD&) mantenance following autéHSCTFor FL or MZL
patients witha CrCl 30 to 60 mL/mjrfollowing 2 cycles, the dose can be increased to 15 mg based on
patient tolerability.In patients with severe renal impairmen®(C| <30 mL/min) not receiving dialysis,
the dose of lenalidomide should be reduced to 15 mg every 48 hours for the treatment of MCL ,or MM
5 mg once daily foFL or MZLand to 2.5 mg once day for the treatment of M8 maintenance
following auteHSCTPatients receiving dialysis should be givemalidomide5 mg once daily for the
treatment of MCIL.MM, FL, or MZLthe dose should be administered after dialysis on the days the
patient is being dialyzedand 2.5 mgonce daily in the same fashion for the treatment of MBS
maintenanceherapyfollowing auteHSC'In patients receiving dialysis.

AgentsUsed withCaution but without SecificRenal DosingRecommendations

As renal excretion is a pathway of elimination, consideration should be given to decreasing the dosage
of hydroxyurean patients with renal impairment.

Glasdegib (Daurismo) pharmacokinetics were not found to be significantly altered in patientsnwith a
estimated glomerular filtration rate(eGFR)between 15 to 89 mL/min; therefore, no dosage
adjustment is required for these patiemtHowever, patients withsevere renal impairmenteGFR 15
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to 29 mL/min)should be monitored for an increased potential for adverse reactiomsg( QTc
prolongation) due to increasedrug levels

Dose adjustments of zanubrutinib (Brukinsa) are not regfin mild to moderate renal impairment
0/ NI £ x on Y[KYAYOT K2gSOSNE LI GASyGa gAGK asSgs
should be monitored for adverse effects.

Hepatic Impairment

Agents with SecificHepatic Dosing AdjustmentRecommendations

Reduce dose dfosutinib(Bosulif) to 200 mg daily fanild (ChildPugh A), moderate (Chilugh B), or
severe (ChildPugh C) hepatic impairment.

Patients with severe hepatic dysfunction tend to have higher exposutiemadinib Gleeveg and its
metabolites. As such, a 2oreduction inimatinib dose is recommended for patients with severe
hepatic dysfunction.

The exposure of ruxolitinib and its active metabolites increases in any severity of hepatic impairment.
Dose adjustments are recommendeReduce ruxolitinib (Jakafi) starting dose for the treatment of
myelofibrosis to 10 mg twice daily for patients withyashegree of hepatic impairment (Chikligh A, B

or C) and a platelet count between 100 x%0and 150 x 1L and to 5 mg daily in these same
patients who have a platelet count of 50 x°0to < 100 x 16/L. Avoid ruxolitinib in patients with
hepatic inpairment with platelet counts < 50 x ¥Q. Monitor blood counts more closely and consider

5 mg once daily for those using ruxolitinib for stage 3 or 4 liver GVR®dose of ruxolitinib for the
treatment of polycythemia vera should be reduced to 5 mgceadaily in patients with any degree of
hepatic impairment (ChiléPugh A, B, or C).

Vorinostat (Zolinzagtarting dose should be reduced to 300 mg once daily with food in patients with
mild to moderate hepatic impairment (bilirubintd 3 times theupper limit of normal ULN or AST>

ULN). There is insufficient evidence to recommend a starting dose for patients with severe hepatic
impairment (bilirubin > 3imes theULN).

The starting dose of ponatinib (Iclusig) is 30 mg once daily in patients with argedef hepatic
impairment (ChilePugh A, B, or C)

Exposure tailotinib (Tasignals increased in patients with hepatic impairment. Starting with a lower
dose ofnilotinib is recommended in patients with hepatic impairment, and QT interval should be
monitored closely for these patients.

Patients with mild or moderate hepatic impairment (bilirubin greater thato 1.5 times theULN had

an increased AUC of panobinostat (Farydak) of 43% and 105%, respectively. The starting dose of
panobinostat should be diced in patients with mild to moderate hepatic impairment. The use of
panobinostat should be avoided in patients with severe hepatic impairment.

Patients with mildhepaticimpairment (ChildPugh A) receiving ibrutinib (Imbruvica) should be dose
reduced b 140 mg once dailyRatients with moderatehepatic impairment (ChilePugh B) receiving
ibrutinib should be dose reduced to 70 mg once dallge use of ibrutinib in patients with severe
hepatic impairment (ChildPugh class C) should be avoided.

For patients with mild to moderatbepaticimpairment (ChildPugh classes A or B), the recommended
starting dose of pomalidomide is 3 mg daily. For patients with severe hepatic impairmentRGyiid
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class C), the recommended dose is 2 mg dady.KS paénts with any degree of hepatic impairment
(ChildPugh A, B, or C), the recommended dosage should be decreased to 3 mg daily.

Dose adjustments of zanubrutinib are not required in mild to moderate hepatic impairment. Safety has
not been assessed in patientvith severe hepatic impairmerte recommended dose in patients with
severe hepatic impairment is 80 mg orally twice dalil patients with hepatic impairment should be
closely monitored for adverse effects.

Agents toBe Usedwith Caution in Some Sages ofHepatic Dysfunction

Consideration should be given to reducing the dosagenefcaptopurinein patientswith impaired
hepatic function.

Patients with baseline hepatic impairment should be monitored for signs of idelalisib (Zydelig) toxicity
and dose mdifications for adverse reactions may be necessary.

Avoid the use of pomalidomide in patients with serum bilirubin greater than 2 mg/dL and AST/ALT
greater than 3 times th&JLN

Reduce the starting dose of ixazomib (Ninlaro) in patients with moderatesemere hepatic
impairment.

Although no dose adjustment is recommended in patients with mild or moderate hepatic impairment
based on the results of the population pharmacokinetic analysis, a trend for increased adverse events
was observed in patients resgng venetoclax (Venclexta) with moderate hepatic impairment; these
patients should be monitored more closely for signs of toxicity duringrti@tion and rampup phase

of dosing with venetoclag/enclexta. Theonce dailydose of venetoclax should lecreased by 50%

in patients with severe hepatic impairment (ChRRdgh class C); monitor carefully for toxicity.

AgentsLackingSudy Data to Support Use inVarious Sages ofHepatic Dysfunction

Acalabrutinib (Calquence) has not been evaluated in patievitt moderate or severe hepatic
impairment, and administration should be avoided in patients with severe hepatic impairment.

Safety and effectiveness ofielphalan thalidomide chlorambuci] and lenalidomidehave not been
determined in hepatic impairment.

Fedratinib (Inrebic) has not been studied in patients with severe hepatic impairment; its use is not
recommended in this population.

Gilteritinib (Xospata) pharmacokinetics were not found to be significantly altered in patients with mild
or moderate hepat impairment (ChildPugh class A or B); the impact of severe hepatic impairment
(ChildPugh class C) has not been evaluated.

Glasdegib (Daurismo) pharmacokinetics were not found to be significantly altered in patients with mild
hepatic impairment; the irpact of moderate to severe hepatic dysfunction has not been evaluated.

No dose adjustments are necessary in patients with mild to moderate hepatic impairment taking
hydroxyureaas it hasot been studied in patients with severe hepatigpairment

Ivosicenib (Tibsovo) has not been evaluated in patients with severe hepatic impairment; the risks and
benefits should be assessed prior to initiatithgrapy in these patientsNo modification is needed in
patients with mild to moderate hepatic impairment (Chitdgh classes A and B).
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Selinexor (Xpovio) pharmacokinetics were not found to be significantly altered in patientsmidath
hepatic impairmentthe impact oimoderate and severe hepatic dysfunctibas not been evaluated.

Agents withNo DosageAdjustmentsRequired inHepatic Dysfunction

Pharmacokinetic parameters afasatinib (Sprycelhave been evaluated in patients with hepatic
impairment (ChildPugh class B and C) and were found to be decreased in patients with hepatic
impairment. No dosage qustment ofdasatinibis recommended.

Duvelisib (Copiktra) exposure was not found to be significantly altered in patients with hepatic
impairment (ChilePugh class A, B, and C); no dose adjustments are recommendpdtiemts with
hepatic impairmentt baseline

Geriatrics

Patients treated with acalabrutinib (Calquence) in clinical studies of CLL ovGhkerex65 years of
age exhibited a higher kelihood ofx grade 3 adverse reactions (59% versus 4&9gpectively and
serious adverse reactions (399%ersus 25%respectively compared with patients €5 years; no
differences in efficacy were seen between elderly patients and younger patients.

No difference in efficacy or safety between older and younger patients was observed with
chlorambucil (Leukeran)duvelisib (Copiktra),enasidenib (Idhifa)fedratinib (Inrebic) gilteritinib
(Xospata)jvosidenib(Tibsovo)ixazomib(Ninlaro),melphalan midostaurin (Rydapt; for the treatment

of advanced systemic mastocytosis [ASMilptinib (Tasigna)ruxolitinib (Jakafi)tretinoin, venetoclax
(Venclexta)yorinostat (Zolinza)or zanubrutinib (Brukinsa)

Elderly patients receivingnydroxyurea,and melphalan should be carefully monitored for adverse
effects.

A higher rate of fluid retention events is associated wd#satinib (Sprycebndimatinib Gleevegin
patients ages 65 years and older.idpatient population should be monitored closely for evidence of
edema.

Subgroup analysis of the German G®tudylV indicated that patients aged 65 and older who were
randomized to 800 mg/day of imatinib for newly diagnosed GNP achieved major molecular
remission as fast as younger patients in contrast to older patients who were randomized to imatinib
400 mg/day wio achieved remissions much later than younger patiéits.

No overall differences in effectiveness were seen in patients 65 years or older treated with ibrutinib
(Imbruvica); however, cardiac adverse events (atrial fibrillation and hypertension), infections
(pneumonia and cellulitis), and Gl events (diarrhea and dehydration) occurred more frequently among
elderly patients. Grade 3 or higher adverse events also occurred more frequently among elderly
patients.

No major differences in effectiveness were obsehia patients aged 65 and older who received
idelalisib (Zydelig). Older patients did have a higher incidence of discontinuation due to an adverse
reaction, higher incidence of serious adverse reactions, and a higher incidence of death compared to
youngerpatients.

The use ofponatinib (Iclusig)in patients with CRCML X 65 years of age yielded a lower major
cytogenetic response rate (38 as compared with patients < 65 years of agef64n patients with
ARCML, BEEML and Ph+ALL, patients of aggb years had a higher major hematologic response rate
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(479 as compared to patients < 65 years of agegd®atients of age65 years may be more likely to
experience adverse reactions including reduced platelet count, peripheral edema, increased lipase,
dyspnea, asthenia, muscle spasrand decreased appetite. In general, dose selection for an elderly
patient should be cautious, reflecting the greater frequency of decreased hepatic, mnehrdiac
function and of concomitant disease or other drug thgy.

Patients) 65 receiving thalidomide had higher incidences of atrial fibrillation, constipation, fatigue,
nausea, hypokalemia, DVT, hyperglycemiaaR#& asthenia compared to patients < 65 years old.

Multiple myeloma patients> 65 years receiving letidomide were more likely to experience D\PE
atrial fibrillation, and renal failure compared to patient&65 years of ageAdverse effects with
lenalidomide generally were higher in patients treated for FL or MZL.

There were no major differences irffectiveness observed between patiemg65 years who were
treated with pomalidomide compared to younger patients but the older cohort of patients did
experience pneumonia more frequently than younger patients. No dosagestmentis required for
pomalidanide based on age.

No major differences in effectiveness were observed in patie85 yearsof agewho received
selinexor(Xpovio)compared to younger patienthowever, patients»/5 yearsof agehad a greater
likelihood of discontinuing therapy due to an adverse event and experienced a higher rate of serious
adverse eventas well as a higher rate of fatal adverse events.

Midostaurin (Rydapt)clinical studies in AML did not include sufficientwhers of subjects aged 65
years and over to determine whether they respond differently to midostaurin compared to younger
subjects.

The majority of patientevaluated in clinical studies assessing glasdegib (Daurismo) in combination
with low-dose cytarabie werex 65 years of age; there was not an adequate number of younger
patients to determine iflifferences in thesafetyprofile existed.
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DOSAG E@,267,268,269,270,27ZL272,273,274,275,276,277,278,279,280,281,282,283,284,285,286,287,288,289,290,291,292,293

Diagnosis Administration
Drug Dosagerorms
CML Ph+ ALL CLL/SLL NHL MM Other Gomments
acalabrutinib - - Monotherapyor - -- MCL: 100 mg  |Swallowcapsules whole |100mg
(Calguence) in combination every 12 hours |with water; do not open, |capsules
with until disease break, or chew capsules

obinutuzumab
100 mg every 1!

progression or
unacceptable

In combination with
obinutuzumab:start at

hoursuntil toxicity '
e cycle 1 of 28lay cycle with
progression or obinutuzumab starting at
unacceptable cycle 2 for total of 6 cycles
toxicity administer before
obinutuzumab when giver
on the same day
bosutinib(Bosulif) [Newly diagnosed Cl| -- -- -- - -- Swallowtablets whole; do {100 mg400
Ph+ CML: 400 mg not crush or cut; ake with |mg,500 mg
once daily food tablets
Resistant or
intolerant CP, AP, B
Ph+ CML500 mg
once daily
May be increased t¢
600 mg daily if CHR
is not reached by
week 8 or a /R by
week 12
busulfan (Myleran|Remission inductior] -- -- -- - -- -- 2 mg tablets
60 mcg/kg or 1.8
mg/m? usual dose
between 4 mg and ¢
mg orally daily
chlorambucil - - 0.1 to 0.2 mg/kg - -- HD: 0.1t0 0.2 |Take entire daily dose at 12 mg tablets
(Leukeran) once daily for 3 mg/kg once daily|time
to 6 weeks for 3 to 6 weeks
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Dosages (continued)

Diagnosis Administration
Drug Dosagerorms
CML Ph+ ALL CLL/SLL NHL MM Other Gomments
dasatinib(Sprycel)|CP CML: Ph+ALL: 140 -- -- -- -- Swallow tablets whole; doj20 mg, 50 mg,
100mgto 140 mg |mgto 180 mg not crush or cuttake with |70 mg, 80 mg,
daily daily or without food either in {100 mg, 140
AP CML140mgto the morning or in the mg tablets
180 mg daily Pediatric evening
BP CML140 mg |patients with
daily Ph+ ALL:
Pediatric patients |weight based,
with CP Ph+ CML:[not to exceed
weight based, 100 mg
starting dose not tg
exceed 100 mg,
may increase up tc
120 mg daily
duvelisib(Copiktra - - 25 mgtwice - - FL:25 mg twice |Swallow capsules whole; (15 mg, 25 mg
daily daily not open, break, or chew;|capsule
take with or without food
enasidenib (Idhifa -- -- -- -- -- AML.: 100 mg oncqSwallow tablets whole; do|50 mg, 100 mg
daily not crush or split; take withtablets
or without food at the
same time each day
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Dosages (continued)

Drug

Diagnosis

CML

Ph+ AL

CLL/SLL

NHL

MM

Other

Administration
Comments

Dosagerorms

fedratinib
(Inrebic)

Myelofibrosis:400 mg
once daily in patients
with baseline platelet
O2dzy i a % pJ

Can be administered with
or without food; a higkfat
meal may reduce Gl toxic

100 mg capsul

gilteritinib
(Xospata)

AML: 120 mg once dalil
Treat for a minimum of
months for clinical
response

Swallow tablets whole; do
not break or crush; take
with or without food at the
same time each day

40 mg tablet

glasdegib
(Daurismo)

AML: 100 mg once dail
of a 28day cyclewith
cytarabine 20 mg SC
twice daily on days 1
through10 of each cycl
Treat for a minimum of
cycles to allow for
clinical response

Do not split or crush; take
with or without food at the
same time each day

25 mg, 100 mg
tablet

hydroxyurea
(Hydrea)

Individualize dose basel
on patient risk factors,
response to treatment
and current clinical
practice standardsbase
all dosing on body
weight, either actual or
ideal weight, whichever
is less (see prescribing
information for details)

Solidtumors:

Individualize dose base
on patient risk factors,
response to treatment
and current clinical
practice standardsase
all dosing on body
weight, either actual or
ideal weight, whichever
is less (see prescribing
information for details)

Prophylactiadministration
of folicacid is
recommended;
hydroxyureacapsules
should not be opened

500 mg
capsules

ibrutinib
(Imbruvica)

420 mg once
daily

MCL: 560 mg
once daily

MZL: 560 mg
once daily

WM: 420 mg once daily

cGVHD: 420 mg once
daily

Swallow capsules whole
with water; do not open,
break,or chew capsules

70 mg,140 mg
capsules

140 mg, 280
mg, 420 mg,
560 mg tablets
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Dosages (continued)

Diagnosis - .
Drug Administration Comments |DosageForms|
CML Ph+ ALL | CLL/SLL NHL MM Other
idelalisib -- -- 150 mg |FL: 150 mg -- -- Take with or without food; tablets |{100 mg,150
(Zydelig) twice daily [twice daily should be swallowed whole mg tablets
imatinib (Gleevec)|CP CML400mgto |Ph+ ALIn - - - MDS/MPD400 |Take with a meal and a large glas§100mg, 400
600 mg daily adults 600 mg mg daily water, mg tablets
AP CML600mgto |daily ASM:100mgto |Doses of 400 mg or 600 mg shoul
800 mg daily 400 mg daily be administered once daily, where
BPCML:600mgto |Ph+ ALL in HES/CE 100mg |2 dose of 800 mg should be
800 mg daily children: 340 to 400 mg daily [administered as 400 mg twice dail
Pediatric patients |mg/m?/day DFSP800mg | childrenmatinib Gleevegcan
with Ph+ CML CP:|(not to exceed daily be given as a oneeally' dose_ " C.M
340 mg/ntiday 600 mg/day) GIST: 400 to 800 and Ph+ ALL, alternatively in child
- with CML, the daily dose may be
(not to exceed 600 mg daily split into 2 dose
mg/day) P . s
For patients unable to swallow the
film-coated tablets, the tablets may
be dispersed in a gbs of water or
apple juice; administer suspension
immediately after disintegration of
tablet(s)
ivosidenib -- -- -- -- -- IDH1 mutated |May be taken with or without food [250 mg tablets
(Tibsovo) AML.: 500 mg but should not be administered wit|
once daily; treat |a highfat meal; do not crush or spl
for a minimum ofjtablets
6 months to allov
time for clinical
response
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Dosages (continued)

Diagnosis - .
Drug Administration Comments |Dosage Form
CML Ph+ ALL CLL/SLL NHL MM Other
ixazomib (Ninlaro -- -- -- -- 4 mg once weekly| -- Take at least 1 hour before or at |2.3 mg, 3 mg4
on days 1, 8, and least 2 hours after food; capsule |mg capsules
15 of a 28day should be swallowed whole with
treatment cycle water; do not crush, chew or ope
capsule; ixazomib is ad as part of
a regimen that also includes
lenalidomide and dexamethasone
consider antiviral prophylaxis to
decrease the risk of herpes zoste
reactivation
lenalidomide -- -- -- FLand |[MM: 25 mg once |MCL: 25 mg/dayMM: Administer with 2.5 mg,5 mg,
(Revlimid) MZL:20 |daily on days-P1 |on days 121 of |dexamethasone per recommende10 mg, 15 mg,
mgonce |of repeated 28day|repeated 28day |dosing schedulezoncomitant 20 mg,25 mg
daily on |cycles cycles dexamethasone is not adnistered|capsules
days 21 |MM Maintenance [MDS: 10 mg |with lenalidomide for maintenanc
ofa28 |Therapy following|daily therapy following AuteHSCT
day cycle|Auto-HSCT: 10 m
forupto |once daily
12 cycles|continuously (Day|
1-28 of repeated
28 day cycles);
after 3 cycles of
maintenance
therapy, the dose
can be increased
to 15 mg once
daily if tolerated
melphalan - - - - 6 mg (3 tablets) |Ovarian CA: 0.2 -- 2 mg tablet
(Alkeran) daily mg/kg daily x 5
days
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Dosages (continued)

Diagnosis . ,
Drug Administration Comments  |Dosagerorms
CML Ph+ ALL | CLL/SLL| NHL MM Other
mercaptopurine - - - - - Maintenance dose itProcedures for proper handling and50 mg tablets
(generic tablet ALL: 1.5t02.5 disposal of anticancer drugs should(generic only)
Purixan) mg/kg/day (50 to 75 |be consideredshake suspension |20 mg/mL oral
mg m?/day) as a vigorously for at least 30 seconds |suspension
single dose; doses |before administration (Purixan brand
are adjusted based only) dispensec
on patient response with 2 oral
and toxicity dispensing
syringes 1
each 1 mL and
5 mL oral
syringes)
midostaurin -- -- -- -- -- FLT3 mutation Doses should be taken twice daily |25 mg capsule
(Rydapt) positive AML: 50 mgwith food at approximaty 12 hour
orally twice daily on|intervals; do not open or crush
Days 8 to 21 of eactmidostaurin capsules
cycle of induction
with cytarabine and
daunorubicin and on
Days 8 to 21 of eact
cycle of
consolidation with
high-dose cytarabing
ASM, SMAHN, MCL
100 mg twice daily
with food continued
until disease
progression or
unacceptable toxicit
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Dosages (continued)

Drug

Diagnosis

CML

Ph+ ALL

CLL/SLL

NHL

MM

Other

Administration Comments

Dosagerorms

nilotinib (Tasigna)

Newly diagnosed
CRCML: 300 mg
twice daily
Resistant or
Intolerant: CMECP:
400 mg twice daily
Pediatric patients
with CP Ph€ML
230 mg/n? twice
daily; (round to
nearest 50 mg and
do not exceed
single dose of 400
mg)

CMLAP: 400 mg
twice daily

Take on an empty stomach; no foo
for at least 2 hours before or at leag
1 hour after dose; swallow capsules
whole with water

For patients unable to swallow
capsules, the contents of each
capsule may be dispersed in 1
teaspoon of applesauce and the
mixture should be taken immediate

50 mg,150 mg,
200 mg
capsules

panobinostat

20 mg every othe

Take withor without food; capsules

10mg, 15mg,

(Farydak) day for 3 doses p¢ should be swallowed whole with a |20 mgcapsules
week in weeks 1 cup of water; do not open, crush, o
and 2 of each 21 chew capsules; panobinostat is
day cycle for up tq administered in combination with
8 cycles; the total bortezomib and dexamethasone
duration of
treatment may be
extended to 16
weeks in
appropriate
patients
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Dosages (continued)

Drug Dlagnosis Administration Comments Dosage
CML Ph+ ALL| CLL/SLI NHL MM Other Forms
pomalidomide - - - -~ |4 mg once dail KS: 5 mg once daily ¢Do not break, chew or open |1 mg, 2 mg3
(Pomalyst) on days 21 of| days 1 to 21 of each/capsules; may be taken with omg, 4 mg
repeated 28 28daycycle  |without food (at least 2 hours |capsules
day cycles before or 2 hours after a meal
MM: give in combination with
dexamethasone, until disease
progression
KS: until disease progression
unacceptable toxicity; continug
HAART as HIV treatment in
patients with AIDSelated KS
ponatinib Start dosing with 45 |Ph+ ALL: - - -- -- May be taken with or without {15 mg,45 mg
(Iclusig) mg once daily; Start food; tablets should be tablets
consider reducing thgdosing swallowed whole, do not crush
dose for CRCML and |with 45 mg or dissolve tablets
ARCML patients whgonce daily
have achieved a maj
cytogenetic response
consider
discontinuing if
response has not
occurred by 3 month
procarbazine -- -- -- -- -- HD: as part of a -- 50 mg
(Matulane) combination capsules
chemotherapy regime
(MOPP): 100 mg/f
daily for 14 days; all
dosages are based on
actual weight or lean
body mass if patient ig
obese
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Dosages (continued)

Diagnosis . ,
Drug Administration comments | Dosage forms
CML | Ph+ ALL CLL/SLL NHL MM Other
ruxolitinib -- -- -- -- -- Myelofibrosis: There are extemporaneous 5 mg,10 mg, 15
(Jakafi) Initial dosing varie{compounding instructions for mg, 20 mg, 25
from 5 mg twice |administraton through a nasogastrimg tablets
daily to 20 mg tube
twice daily based
on initial platelet
count
Polycythemia Verg
10 mg twice daily
aGVHD: 5 mg twig
daily, increase to
10 mg twice daily
after at least 3
days depending o
platelets and ANC
consider tapering
after 6 months of
treatment for
certain patients
selinexor (Xpovio) - - - DLBCL: |80 mg on days 1 - Swallow tablets whole with water; |20 mg tablet
60 mg |and 3 each week do not break, chewgrush, or divide |(blister packs o
on days |with tablets; take at the same time of dgweekly doses:
1 and 3 |dexamethasone 2 continue until disease progression |80 mg twice
weekly |mg unacceptable toxicity weeklyor 60
mg, 80 mg, or
100 mg once
weekly)
thalidomide - - - -~ |200 mg once dailyENL: 100 mg to 3(MM: take in combination with 50 mg,100mg,
(Thalomid) mg once daily; up |dexamethasone in 28ay treatment|{150 mg, 200 m
to 400 mg/day for |cycles capsules
severe cutaneous|Take with water, preferably at
ENL bedtime and at least 1 hour after th
evening meal
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Dosages (continued)

Drug

Diagnosis

CML | Ph+ ALL

CLL/SLL

NHL

MM

Other

Administration comments

Dosage formg

thioguanine
(Tabloid)

Acute
nonlymphocytic
leukemias: Doses
varies according to
the stage and
regimen being
utilized; dose shoulg
be drive by chosen
protocol

40 mg tablets

tretinoin

APL: 45 mg/rifiday
divided into 2 doses

10 mg capsule

Page70 |

Oncology Oral, Hematologic Cancers RevigAugust 2020
Proprietarylnformation. Restricted AccegDo not disseminate or copy without approval.
© 20102020 Magellan Rx Management. All Rights Reserved.

MagellanRx

MANAGEMENT..



Dosages (continued)

Diagnosis o i
Drug Administration comments |Dosage forms
CML | Ph+ ALL CLL/SLL NHL| MM Other
venetoclax -- -- RampUp phase dosing: -- -- AML: Rampup Take with a meal and water; 10 mg,50 mg,

(Venclexta)

20 mg/day week 1; 50 mg/day|
week 2; 100 mg/day week 3;
200 mg/day week dand then
400 mg/day week 5 and
thereafter

Monotherapy: 400 mg once
daily following completion of
the ramp-up schedule

In combination with
obinutuzumab: use Hveek
ramp-up schedule; after
completing on cycle 2 day 28,
patients should continue
venetoclax 400 mg once daily
from cycle 3 day 1 until the lag
day of cycle 12

In combination with rituximab:
use 5week rampup schedule;
after completing continue 400
mg once daily for 24 months
following rituximab initiation
See product labeling for dosin
of combination treatment
agents

phase dosing 100 nj
day 1; 200 mg day 4
400 mg day 3; 400
mg or 600 mg on dg
4 and beyond
depending on
combination agent
Continue until
disease progression
or unacceptable
toxicity

See product labeling
for dosing of
combination
treatment agents

tablets should be swallowed who
and nd chewed,crushedor
broken prior to swallowing

100 mg tablets
starter pack (42
tablets: 14 x 10
mg, 7 X 50 mg,
21 x 100 mg)

vorinostat(Zolinza)

CTCL: 400 mg once

daily

Take with fooclcapsules should
not be opened ocrushed

100 mg capsule
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Dosages (continued)

Diagnosis - :
Drug Administration comments |Dosage forms
CML | Ph+ ALL| CLL/SLL NHL| MM Other
zanubrutinib -- -- -- -- -- MCL: 160 mg twice |Swallowed whole with water, withH80 mg capsule
(Brukinsa) daily or 320 mg oncfor without food; capsules should

daily continued untilnot be opened, broken, or chewe
disease progression
or unacceptable
toxicity

aGVHD = acute graft versus host disease; ALL = acute lymphoblastic leukemia; AP = accelerated phase; APImyeloatdipteukemia; ASM = aggressive systemic
mastocytosis; BC = blast crisis; BP = blast phase; CCyR = complete cytogenetic response; cGVHD = chronic graft \s&ase; lidRdi complete hematological
response; CLL = chronic lymphocytic leukemiat. EMhronic myeloid leukemia; CP = chronic phase; CTLC = cutarmdiugrphoma; DFSP = dermatofibrosarcoma
LINPGdzo SN yaT 9b] TI' SNRBGKSYIl y2R2adzy f SLINRP&adzYT C[ I T2 tdisdase,ddES/CBhgpérecsidéphivel T DL
syndrome/chronic eosinophilic leukemia; MCL= mantle cell lymphoma; MDS/MDD = myelodysplastic/myeloproliferative diseasequMile=myeloma; MZL =
marginal zone lymphoma; NHL = sfbr2 RI{ Ay Qa f &8YLIK2YIl T t Kb! [-positiie acut lyrhphoRlI&sticLi#kemia; OH¢ NI 2 ®Hlad&phia
chromosomepositive chronic myelogenous (myeloid) leukemia; SLL = small cell lymphocytic leukemia

Recommendations for consideration of discontinuation of treatment with nilotinib (Tasigna) are now included prothet's labeling.
Patients who meet criteria outlined in the package insert and who have achieved a sustained molecular response (MRdibinianaof
1 year may be considered for possible nilotinib discontinuation. Furthermore, recommendationsirdiation of nilotinib therapy in
patients who lose their molecular response after discontinuation of therapy with nilotinib are outlined in the package insert
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CLINICAL TRIALS

Studies were identified through searches performed on PubMed and review ainiafion sent by
manufacturers.Search strategy included the Fapproved e of all drugs in this cladkandomized,
comparative, controlledPhase 11l trials comparing agents within this class for the approved indications
are considered themost relevantin this category.Studies included for analysis in the review were
published in English, performed with human participaraed randomly allocated padipants to
comparison groups.In addition, studies must contain clearly stated, predetermined outcome
measure(s) of known or probable clinical importance, use data analysis techniques consistent with the
study questionand include followup (endpoint assessment) of at least80f participants entering

the investigation.Despite some inherent bias found &ll studies including those sponsored and/or
funded by pharmaceutical manufacturers, the studies in this therapeutic class review were determined
to have results or conclusions that do not suggest systematic error in their experimental study design.
While the potential influence of manufacturer sponsorshapd or funding must be considered, the
studies in this review have also been evaluated for validity and importance.

Due to a paucity of data in the literature, clinical trials that are ofadel,not placebacontrolled, and
havedropout rates in excess of 20have been included in this therapeutic class reviewaddition,
where publishedbhase 3data for the FDAapproved indications is lackinghase 1/2studies cited in
the package insert are includédlthis therapeutic class review.

Clinical trialsnvolvingbusulfan (Myleran), procarbazine (Matuland@ydroxyurea (Hydreanelphalan
(Alkeran) and thioguanine (Tabloid) will not bacluded in this reviewdue to lack of routine use of
these agents imodern day oral chemotherapy regimemsdditionally, discussion of chlorambucil will
be limited in scope to the treatment of CLL, wherasthgent continuesto have some role in
contemporary management of the disease state.

Aggressive Systemidastocytosis(ASM)

imatinib (Gleevec)

An openlabel, multicenter,phase?2 trial was conducted with imatinib in patients diagnosed with-life
threatening diseases associated with Abl,, Kit platelet derived growth factor receptor (PDGFR)
protein tyrosine kinase® Five of these patients were diagnosed with A&hd were treated with 100
mg to 400 mg of imatinib dailyn addition to theseb patients, 10 published case reports and case
series describe the use of imatinib in 28ditional patients with ASMCytogenetic abnormalities were
detected in14 of the 20 patients testedlwenty nine percent of imatindreated patients achieved a
complete hematologic response (CHRd 3246 a partial hematologic responsdatients that harbor
the D816V mutation of-Kit are not sensitive to imatinib.

midostaurin Rydapt)

The efficacy of midostaurin as a single agent in ASktemic mastocytosis with associated
hematological neoplasm (SKHN) and mantle-cell lymphoma MCL (collectively referred to as
advanced SM) was evaluated in a phasesinglearm, openlabel, multicenter triaf®> The study
enrolled 116 adult patients with relapse or progressiorp prior regimens fosystemic mastocytss

(SM). Patients received midostaurin 100 mg orally twice daily ird@@ cycles until protocalefined
disease progression, death, the development of unacceptable toxic effects, or withdrawal of consent.
Of the 116 patients treated, a study steering auittee identified 89 patients with measurable clinical
findings that were related to organ damage from infiltrating mast celsn@ngs) and were evaluable
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for response. Of those 89 patients, there wascauerallresponse rate QRR of 60% (95%onfiderce
interval [C], 49 to 70; p<0.001), with 19 (21%) aclmgvincomplete remission by 6 cycles of
midostaurin based on modified Valent criteria for ASM and/A#IN. The medianverall survivalQg

was 28.7 months (95% CI, 18.1 to not estimated) in the gynefficacy population, including the
medianOSof 20.7 months (95% CI, 16 to 44.4) among patients withASIM, and 9.4 months (95% CI,

7.5 to not estimated) among patients with MCL. Among patients with ASM, the median survival was
not reached. The mediaprogressioAfree survival PF$ was 14.1 monthdn the primary efficacy
population butwas longer among patients with ASM (28.7 months) than among patients wHAFEWV

(11 months) and patients with MCL (11.3 months).

In an openlabel, phase 2 trial 26 patients with advanced systemic mastocytosis eecaiidostaurin

100 mg twice daily a®8-day cycles?®® During the first 12 cycles, the ORR was 69% with 50% having a
major response. With ongoing therapy, 2 patients achieved.av&dian OS for the entire cohort was

40 months. The most frequent grade 3 oglher adverse events were hyperlipasemia (15%) and
anemia (12%). With a median follow up of 10 years no unexpected toxicities were noted.

Acute GraftVersusHost disease (aGVHD)

ruxolitinib (Jakafi)

REAE1: Ruxolitinib was studied in a phases®iglearm, openlabel trial involving 49 patients with
aGVHD occurring after allogeneic hematopoietic stem cell transplant@i&CTyvho were refractory

to corticosteroids aloné?’ Patients received ruxolitinib 5 mg twice daignd the dose could be
increased tol0 mg twice daily after day 3 if patients were not experiencing toxi¢itye median age
was 57 years (range, 18 to 72 yeai)e primary endpoint was ORR at day 28. At baseline, 27% of
patients hadgrade 2 aGVHD, 55% hgrhde 3 and 18% hadyade 4aGVHD. The ORR at day 28 was
57.1%(95% ClI, 42.2 to 71.2pf those patients witlgrade 2 disease, 100% had a respqngeile 40.7%

and 44.4% of patients witlgrade 3 and4 diseaserespectively experienced a respons€omplete
response (CR) occurred i19.8% of patients, while 4.1% and 22.4% had very good partial or partial
response (PRjespectivelyFor patients who responded, the median time froine day 28 response to
either death or need for new therapy for aGVHD was 173 (2% CI, 66 to not estiable)

Chronic Graft Versus Host Disease (cGVHD)

ibrutinib (Imbruvica)

A multicenter, opeHrabel, singlearm study established the safety and efficacy of ibrutinib for the
treatment of patients with cGVHD after failure of filste corticosteroid theapy and requiring
additional therapy (n=423%82% ALL, AML, and CLL were the most common underlying malignancies
leading to transplantation and the median time since cGVHD diagnosis was 14 months in the included
patients (median number of prior treatments; £ange, 1 to 3 treatments). Ibrutinib was administered

as 420 mg once daily oralynd the primary endpoint was cGVHD response based on 2005 National
Institutes of Health criteriaORR occurred i67% of patients (95% CI, 51 to 80). CR occurred in 21%
while PR occurred in 45%orty-eight percentof patientsalso hada sustained response rate (CR or PR

for at least 20 weeks

Dermatofibrosarcoma Protuberans (DFSP)

imatinib (Gleevecmonotherapy

An openlabel, multicenter, phase 2 study was conducted tesimgtinib monotherapyin a diverse
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population of patients with lifdhreatening diseases associated with Abl, 8itPDGFR protein tyrosine
kinases. This study included 12 patients with DF88& were treated withimatinib 800 mg daily A
further 6 DFSP patients treated with imatinib are reportedbipublished case reports. An ORR o%83
was sen in the total of 18 patientd?®

Erythema Nodosum Leprosum (ENL)

thalidomide ¢ acute treatment of cutaneous manifestations of ENL

Two randomized, double blind controlled trials reported the dermatologic response tdagy tourse

of thalidomide 100 mg four times daily versus control in patients with cutaneous manifestations of
moderate to severe ENE! In the first trial of 92 patients there was a 75% response rate and in the
second trial of 52 patients, there was a 66% response rate.

thalidomide¢ prevention andsuppression of recurrence of cutaneous manifestations of ENL

A retrospective evaluation of 10patients treated by theUSPublic Health Servic€? A subset of
patients with ENL who were controlled on thalidomide demonstrated repeated relapse upon drug
withdrawal but achieved remission with reinstitution of therapy.

Gastrointestinal Stromal Tumor (ST

imatinib (Gleevec) and placebgadjuvant postoperative therapy

A randomized, doubkblind, placebecontrolled, multicenter,1-year, phase3 trial compared adjuvant
imatinib 400 mg (n=359) to placebo (n=354) in patients with fully reseG&siTat least 3 cm in size
and positive for the KIT protein by immunohistochemisi8Patients assigned to placebo were eligible
to crossover toimatinib treatment in the event of tumor recurrence. The primary endpoint was
recurrencefree survival, and analysivas by intentiorto-treat. Accrual was stopped early because the
trial results crossed the interim analysis efficacy boundary for recurréneee survival. At median
follow-up of 19.7 months8% of patients in theimatinib group and20%in the placebo gsup had
tumor recurrence or had diedmatinib significantly improved recurreneeee survival compared with
placebo (986[95% CI, 96 to 100] versus®B35% CI78 to 88] atl year;hazard ratio HR, 0.35 P5%
Cl,0.22 to 0.53];1-sided p<00001). Adjuvat imatinib was well tolerated. The most common serious
events were dermatitis3®oversus0), abdominal pain3%versusl1%), and diarrheaZ%versusl%j in
the imatinib group and hyperglycemid $oversus2% in the placebo groupAdjuvantimatinib has also
been studied in a randomized, opdaibel, phase3 study in patients who have a high estimated risk for
GISTrecurrence after surger$?* Patients assigned to 3 years iafatinib had longer recurrencéree
survival(RFStrompared with those assigned to 1 year (HR, 0.6; 95% CI, 0.44 to 0.81; p<eyeat; 5
RFS, 71.1% versus 52.3%, respectively) and longer OS (HR, 0.6; 95% CI, 0.37 to 0.97;-pe&.024; 5
survival, 92% versus 85.3%).

imatinib (Gleevec) versus placebo patients with metastatic resistant or unresectable resistant
disease

Patients (n=41) with metastatic or unresectable GIST who had previously benefitted frommdirst
imatinib (initial response or stable disease g8 months) and had progressed on aast imatinib and
sunitinib (Suten®) were prospectively randomized to imatinib 400 mg daily or placéébdhe primary
endpoint was PFS. After a median follaw of 5.2 months, median PFS was 1.8 months (95%/Cio

3.6) with imatinib compared to 0.9 mams ©5% CI0.9 to 1.7) with placeboHRfor progression or
death, 0.46, 95% CI0.27 to 0.78 p=0.005). Patients assigned to placebo were allowed to crossover to
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imatinib after progression. The most common grade digheradverse events were anemia, igte,

and hyperbilirubinemia. The authors concluded that in patients withrékactory GIST, the disease
continues to harbor many clones that are sensitive to TKIs and continued kinase suppression might
slow, although not halt, disease progression.

Kapos Sarcoma
Kaposi Sarcomg adults

pomalidomide (Pomalysty, HI\-positive and HIVhegative patients

An openlabel, single center, singkerm clinical study (120047, NCT01495598) was used to assess

the efficacy and safety of pomalidomide in patients w{tir18) and without HIV (n=10). Patients
received pomalidomide 5 mg orally once daily on days 1 through 21 of eaghy28ycle until disease
progression or unacceptable toxicity; patients also were given aspirin 81 mg once daily as
thromboprophylaxis. P&nts who were HI\positive continued to receive highly active antiretroviral
therapy (HAART). Patients with symptomatic pulmonary or visceral KS, history of venous or arterial
thromboembolism, or procoagulant disorders were excluded. The primary efferadyoint was ORR

as evaluated by the investigator based on the AIDS Clinical Trial Group (ACTG) Oncology Committee
response criteria for KS. Across all 28 patients, the ORR was 71% (95% CI, 51 to 87) with 14% of
patients experiencing a complete responsdrRj@Gnd 57% experiencing a partial respof(BR) The

overall patient population had a median duration of respons®RIp of 12.1 months (95% CI, 7.6 to

16.8) with 50% of patients exhibiting a resporigation > 12 months and 20% exhibiting a response
duration > 24 months. For the 18 patients who were Hidsitive, the ORR was 67% (95% CI, 41 to 87)
with 17% (3 patients) having a CR and %0%atients)a PR; the mediarDORwas 12.5 months (95%

Cl, 6.5 to 24.9). For the 10 Hi€¥gative patients, the ORR was 80% (95% CI, 44 to 98) with 1 patient
(10%) experiencing a CR and 7 patients (70%) experiencing a PR; the rd&iamas 10.5 months

(95% CI, 3.9 to 24.2).

Leukemias
Aaute Lymphoblastic LeukemiRhiladelphia Chromosome Positive (Ph+ Ad_&jlults

dasatinib (Sprycel¢ resistanceor intolerance to prior therapy

START was a phase 2, opéabel, singlearm, multicenter trial in 36 adult patients with imatinib
(Gleevecyesistant or intolerant Ph+ ALL. This trial was designed to evaluate the effectiveness and
tolerability of dasatinib 140 mg daily in this patient population. With a minimum felipwof 8
months, treatment with dasatinib produced major hematologic response®2% of patients and 67%

of those patients remained progressibiree at time of reported data. Most adverse events were mild
with febrile neutropenia being the most frequent severe adverse eV@ht.

A phase 3, randomized trial evaluated the efficacy aafetg of dasatinib 140 mg once daily versus

70 mg twice daily in patients with advanced phase CML or Ph+ALL (n=84) resistant or intolerant to
imatinib 3% The rate of confirmed major hematologic response was 38% with once daily dosing and
was 32% with twicelaily dosing. The rate of major cytogenetic response with once daily dosing was
70% and was 52% with twice daily dosing. The once daily dosing had longer PFS (3 months versus 4
months) and shorter OS (median, 9.1 months versus 6.5 months). Safety preilesimilar between

the 2 groups although pleural effusion was less common with once daily dosing (all grades, 18% versus
32%). None of the differences between the 2 schedules were statistically significant.
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ponatinib (Iclusig) relapsed/refractory Ph+ALL withand without T315] mutation

Aphase 3 trialPACEincluded a subgroup of 32 patients with Ph+ AR[These patients were heavily
pre-treated and were resistant or intolerant to previous TKI therapies. Major hematologic response to
ponatinib amongthe Ph+ ALL patients was 41%. Hstimated PFS at 12 months was 7% with a
median PFS of 3 months and the OS rate at 12 months was 40%. Of the 32 patients, 22 of those
patients were found to have a T315l mutation. In this cohort, MHR was reached in B8%heae

were no significant diffieences inDORor OS outcomes compared to the other 10 patients who did not
demonstrate a T315] mutation.

imatinib (Gleeveg ¢ relapsed/refractory Ph+ALL

Numerous phase 2 studies have evaluated the efficacy of imatirgitteey monotherapy or combined

with chemotherapy in adults with Ph+ A2 A phase 2, opetfabel, nonrandomized, multicenter study

of 48 adult patients with relapsed or refractory Ph+ ALL treated patients with either 400 mg imatinib
daily or 600 mg imatibi daily for an initial 24 weeks but the drug could be continued indefinitely in
cases where the investigator judged that further treatment was of clinical beHéfilh CHR was
achieved in 9 (19%) patients, a marreamplete response or partial marrow respgmwas observed

in 5 patients (10%) and 15 patients (31%), respectively. Hematologic responses lasting at least 4 weeks
were reported for 13 patients (27%), including 3 CHRs @36)plete cytogenetic response (CCwR3s

reported for 8 (17%) patients. Tlestimated median time to progression was 2.2 months (95% CI, 1.8

to 2.8) and the estimated 6 month PFS was 12% (95% ClI, 2 to 22). Median survival was 9.2 months for
patients who had a CHR/marregomplete response and 7.1 months for patients with a partial
response(PR) all of the nonresponders had died and their median survival was 3.6 months (p<0.001).
The most frequently reported adverse events were nausea, vomiting, and edema. None of the patients
discontinued imatinib because of treatmerglated nonhenatologic adverse events.

Acute Lymphoblastic LeukemiahiladelphiaChromosomePositive (Ph+ ALLQ pediatrics
dasatinib (Sprycel)

The effectiveness of dasatinib was assessed in a multicenter stuggdadtric patients withnewly
diagnosedB-cell precursr Ph+ ALB*? One cohort (n=78) received dasatinib at 60 mgfor up to 24
months in combination with chemotherapy. The median age was 10.4 years (range, 2.6 years to 17.9
years) and 22% had extramedullary disease. Fgead eventfree survival, defineds the time from
treatment initiation to lack ofCR relapse, secondary malignancy, or death was 64.1% (95% CI, 52.4 to
74.7).

imatinib (Gleevec)

I YdzZf GAOSYGSN) alidzReé o0& (GUKS [/ KAfRNByQa hyoOz2f 23
patients rangingn age from 1 year old to 21 years old with Ph+ ALL who were treated with imatinib
340 mg/nt/day in combination with chemotherapi}2 Eligible patients were enrolled after completion

of 4 weeks of induction therapy. The study design called for integratiomafinib into successive

blocks of therapy across 5 cohorts to ensure therapy would be tolerated. Cohort 5 patients had
continuous imatinib dosing and accrued a total of 44 patients who had a total of 280 days of imatinib
exposure. Patients in cohort 5 tia 3year evenifree survival (EFS) of 8G241% (95% CI, 64 to 90).

This was more than twice the historical controlyéar EFS (35% 4%, p<0.0001). There were no
significant toxicities associated with adding imatinib to intensive chemotherapy.
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Acute lymphoblastic LeukemigALL)

mercaptopurine

The utilization of mercaptopurine in the treatment of ALL dates back more than 50 3édiany
current ALL protocolstilize mercaptopurine duringhe maintenance therapyortion of the treatment
protocol.

AcuteMyeloid Leukemia (AML)

enasidenib (Idhifay; IDH2 mutationrpositive

A phase 1/2 multicenter, opelabel, singlearm, 2cohort study (Study AG223-001) assessed the
efficacy of enasidenib for the treatment of AML in 199 adults with refractory or relaps#id andan

IDH2 mutation (as determined by a genetic as$&)'° In both cohorts, patients received enasidenib

100 mg daily orally until disease progression or unacceptable toxicity (dose reductions were allowed
for toxicities). The median follow up was 6.6 months (range, 0.4 to 27.7) and the mean age at baseline
was @ years (range, 19 to 10gear9, 52% were male, 77% were Caucasian, 85% hafaatern
Cooperative Oncology GrougCOG performance statu®f 0 or 1, 52% had refractory disease, 13%
KFR I LINA2NJ aidSY OStft (NI yaLX I yd The rai Rf CR/EGR witK | R
partial hematological recovery (CRh), duration of CR/CRh, and rate of conversion from transfusion
dependence to independence was used to establish efficacy. CR/CRh occurred in 23% of patients (95%
Cl, 18 to 30; mediaDOR 8.2 maths [95% CI, 4.3 to 19.4]). During follow up, CR occurred in 19% of
patients (95% ClI, 13 to 25; mediB®R 8.2 months [95% CI, 4.7 to 19.4]). CRh, defined as 5% of blasts
in the bone marrow, no evidence of disease, and partial recovery of peripheral btmmts, occurred

in 4% of patients (95% CI, 2 to 8; medi2@R 9.6 months [95% CI, 0.7 to not available]). Of the 157
patients who were dependent on transfusions (red blood ffRBCland/or platelet) at baseline, 34%
became transfusioindependent dumg the 56day post baseline period. Additionally, 72% (32/42) of
those who were transfusicindependent at baseline maintained this status.

glasdegib (Daurismod newly diagnosedadults who arex75 years of age or who have comorbidities
that preclude useof intensive induction chemotherapy

BRIGHT AML 1003 was a randomized, multicenter, tgdea trial that enrolledL15patients who were

%55 yearsof ageand had newly diagnosed AMY’28 All patients enrolledn the trial had to meeik 1

of the followingONRA G SNA Y 3S x Tp &SINB 2F 38> aSOSNE
status of 2 or baseline serum creatinine > 1.3 mg/dL. All patients received cytarabine 20 mg
subcutaneouslySC)wice daily on days lhtough10 of a 28ay cycleand patents were randomized

2:1 to the addition of glasdegib 100 mg orally daily to the cytarabine regimen or cytarabine alone. The
YE22NRGe 2F LI GASyda Ay GCRa@kasli8dv indte §EBsdegb arnpand S|
2.6% in the cytarabine alor®ntrol arm. OS, with a median follow up of 20 months was significantly
improved in the glasdegib arm, 8.3 months compared to the cytarabine alone control arm at 4.3
months (HR0.46 95% CI0.3, 0.71 p=0.0002).

gilteritinib (Xospata)g relapsed/refractory FLT3nutated

ADMIRAL: Ahase 3, opesiabel, randomized trial evaluated the efficacy of gilteritinib in 138 adults
with relapsed or refractonAMLwith a FLT3 mutation; 121 patients had FLTB alone, 12 had FL-T3
TKD alone, and 5 hdmbth mutations3!® The nedian age was 60 years. Gilteritinib was given orally at a
starting dose of 120 mg once daily until unacceptable toxicity or lack of clinical benefit. Dose
reductions were made to manage adverse events, and dose increases were ditoineckase clinical
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benefit. The pimary endpoint wasa composite of CR and CRBR was defined as an absolute
VSdzi NP LIKAET O2dA[iZ oLIbF & S ookt mamowndifiéentialwith < 5%
blasts,RBCand platelet transfusion indep&®ent, and no evidence of extramedullary leukemia. CRh
gla RSTFAYSR a YINNRg oflada r pajng[ LF WR A LI | &K Strf
109/L, no evidence of extramedullary leukemia, and patient was not classified as achieviigeCR.
median followup was 4.6 monthsAt the first interim analysis, total of 21% of patients treated with
gilteritinib achieved CR or CRh (CR in 11.6% and CRh in 9.4%). The CR/CRh rate was 23% (29/126)
patients with FLTBTDor FLT3TD/TKD, and 0% (0/1%) patients with FLTIKD only. Overall, for
patients who achieved a CR/CRh, the median time to first response was 3.6 months (range, 0.9 to 9.6
months). The median DOR in patiemtgh CR/CRh was 4.6 months (8.6 monttefe,1 to 13.8] for
patients inCR; 2.9 monthsrénge, 0.1 to 15.8] for patients in CRRhJhe final analysis of ADMIRAL
assessed 371 patients who were randomized 2:1 to gilteritinib 120 mg once daily versus a prespecified
chemotherapy regimen. The median follayp was 17.8 months (rangd4.9 to 19.1). In the final
analysis, OS was achieved in 69.2% (171/247) of those treated with gilteritinio compared to 72.6%
(90/124) treated with chemotherapy, but the median survival in those treated with gilteritinib was 9.3
months (range, 7.7 to 10)%ersus 5.6 months (range, 4.7 to 7.3) with chemotherapy QHR&; 95% CI,

0.49 to 0.83; p=0.0004). CR was achieved in 14.2% (95% CI, 10.1 to 19.2) of those treated with
gilteritinib versus 10.5% (95% CI, 5.7 to 17.3) with chemotherapy (median DOR aidths [range,

0.6 to 23.1+] and 1.8 months [range, < 0.1+ to 1.8], respectively).

ivosidenib (Tibs®o) ¢ IDH1 mutatiorrpositive

Ivosidenib was studied in a phase 1, multicenter, ofsrel trial that consisted of both a dose
escalation phase and doseexpansion study2%32't | G ASyida x My &SI NA -2ftR
mutated hematologianalignanciesvere eligible.The dose escalation portion of the study established
dose limitingtoxicitiesof oral ivosidenib given continuously in-88y cycles. Thdose expansion phase
involved 4 groups with different eligibility criteridhree of the 4 groups involved patients with IDH1
mutated AML, including patients wittelapsedand/or refractory R/R AML in 2nd or greater relapse,
relapse after HSCT, refracyoto induction or reinduction or relapse within 1 year (n=126), untreated
patients with AML who were not eligible to receive standard of ¢eeatment (n=25) and finally, other

R/R AML patients who did not fit the criteria for group 1 (h=XH)nical aavity of ivosidenib was
assessed in R/R AML patients who received a dose of 500 mg once daily in either tesaidagon or
doseexpansion phaseg&fficacy wagsssessedby the rates of CR plus rates of CRh. CR was defined as <
5% blasts in the bone mamw, no evidence of disease and full recovery of peripheral blood counts
(platelets > 100,000/microliter and ANC1;000/microliter) while CRh was defined a$% blasts in
bone marrow, no evidence of disease and partial recovery of peripheral blood cpiatslets >
50,000/microliter and ANC >500/microlitelVith a median followup of 8.3 months and a median
treatment duration of 4.1 months, 43/174 patients (24.7%) achieved &@ianDOR 10.1 months

[95% CI6.5t0 22.2 and 14/174 patients (8%) had achieved a @RédianDOR 8.2 months [95% CI
5.6to 12]. The median time to achieve CR or CRh was 2 months (1&8ge 5.6 months)The median

OSof the R/RAML patients treatedvith ivosidenib 500 mg daily was 8.8 mosat{85% Cb.7 t010.2).

A total of 37/179 (20.7%) patients assessed who received ivosidenib at a starting dose of 500 mg daily
experienced at least 1 grade 3 or higher toxic®f special concern, 14/179 (7.8%) of patients
SELISNASYOSR ANIRSIARYO0 2y ¢ 9LINRHFR TKMTH 60Pd:0
differentiation syndrome. Treatment for IDH differentiation syndromewhich consisted of
glucocorticoids and other measurded to the resolution of the syndrome in 17/19 patients. None of
the casef IDH differentiation syndrome were fatal. QT prolongation led to dose interruptions in 7.3%
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and dose reductions in 1.1%ut there were no fatalities related to QT prolongation toxicity.

The efficacy of ivosidenib was evaluatecamopenlabel, singlearm, multicenter clinical trial cadult
patients with newlydiagnosed AML with a susceptible IDH1 mutation who wev® years of age or

who had comorbidities that precludethe use of intensive induction chemotherapd. Included
comorbidities that wouldlJINS Of dzZRS dzAS 2F Ay iGSyaArdS AyRdzOGAZ2Y
ol aStAyYyS 9/ hD LIS Nhepdityimpaidrent &ith biliiubzd> 125% ULR, sevEre cardiac

or pulmonary disease, or CrCl < 45 mL/min. Ivosidenib was administered asgb0fally daily until
disease progressigmunacceptable toxicityor until the patient underwent enematopoietic stem cell
transplantation, the latter of which occurred in 2 of the 28 patients. CR occurred in 28.6% (95% CI, 13.2
to 48.7; medianDOR not estimable [95% CI, 4.2 months to not estimable]). CRh occurred in 14.3%
(95% ClI, 4 to 32.7). The median time to CR or CRh was 2.8 months (range, 1.9. to 12.9).

midostaurin (Rydapt) versuplacebo¢ FLT3nutation-positive

Midostaurin in combination with chraotherapy was investigated in a global, phase 3, randomized,
double-blind, placebecontrolled trial of 717 patients with newdgiagnosed FLT@utated AML32 The
objective of this trial was to determine if the addition of midostaurin to combination
daunorubcin/cytarabine induction, higldose cytarabine consolidation therapy followed by 1 year of
maintenance therapy would improve OS compared to standard chemotherapy in younger adults (aged
18 to 59 years) with activating FLT3 mutations. Patients were ranéodn{iz:1) to receive either
midostaurin 50 mg twice daily (n=360) or placebo (h=357) with food on days 8 to 21 in combination
with daunorubicin (60 mg/rdaily on days 1 to 3) plus cytarabine (200 mgthaily on days 1 to 7) for

up to 2 cycles of inductioand highdose cytarabine (3 g/frevery 12 hours on days 1, 3 and 5) for up

to 4 cycles of consolidation, followed by continuous midostaurin or placebo treatment, according to
initial assignment, for up to 12 additional 2Ry cycles. Patients who proceedenl HSCT stopped
receiving study treatment. The 2 treatment groups were generally balanced with respect to the
baseline demographics and disease characteristics (includingTBT&llelic ratio and FLITXD
mutations), except that the placebo arm had a Heg percentage of females (59%) than in the
midostaurin arm (52%). The final analysis was to occur after 509 deaths, but the trial was amended to
change the timing of the OS analysis and promote ede# survival (EFS). EFS was defined as the
earliest of death, relapse, or no CR within 61 days of the start of induction, as a key secondary
endpoint due to the slow rate of deaths that occurred. Midostaurin plus standard chemotherapy was
superior to placebo plus standard chemotherapy with a median OS ofo28hs (95%C| 18.5 to 46.5)

in the placebo arm versus 74.7 months (95% CI, 31.5 to not obtained; 1 sided p=0.007) in the
midostaurin arm. The median EFS of 3 months (95% CI, 1.9 to 5.8) in the placebo arm and 8 months
(95% CI, 5.3 to 10.6; 1 sided p=0.4p#H the midostaurin arm. The overall rate of HSCT (induction
failure, first CR, or salvage after relapse) was 59% (214/360) for patients in the midostaurin arm versus
55% (197/357) in the placebo armoxicities between the 2 groups were similar. Theeravhigher
incidences of grades ® 5 anemia and rash in the midostaurin group compared to placebo (92.7%
versus 87.8% and 14.1% versus 7.6%pectively). Among patients who achieved a CR, the median
time to recovery of theANCwas 26 days in both grogpand the median time to recovery of the
platelet count was 21 days in both group¥'

venetoclax (Venclextay y Sgtf & RAIF3IYy2&aSR !la[ Ay LI GASyda x 71|
precluding use of intensive induction chemotherapy

Two openlabel, norrandomized trialsvere utilized to establish the efficacy of venetoclaxpatients
with newlydiagnosed AML who wereither 75 years of ager had comorbidities that precluded the
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use of intensive induction chemotheragy 1 of the following:baseline ECO&to 3,severe cardiac or
pulmonary comorbidig, moderate hepatic impairment, Cr€45 mL/min, or other comorbidify?25326

In the first trial, following rampp dosing,115 patients received 400 mg venetoclax once daily and
either azacitidineor decitabine. The median followp was 7.9 months (range, 0.4 to 36) with
azacitidine and 5.5 months (range, 0.4 to 30) with decitabine. CR and CRh was achieved in 37% (95% CI
26 to 50) and 24% (95% ClI, 14 to 36), respectively, of those who receivetbalar andazacitidine

and 54% (95% ClI, 25 to 81) and 1% (95% CI, 0.2 to 36), respectively, of those who received venetoclax
and decitabine. In the second trialenetoclax was assessed in combination with -thoge, SC
cytarabine (n=82). Following ramyp dosing, patients received 600 mg venetoclax once daily. The
median followup was 6.5 months (range, 0.3 to 34). CR andv®Rbachieved in 21% (95% ClI, 12 to

34) and 21% (95% ClI, 12 to 34), respectively.

Acute Promyelocytic Leukem{#@PL)

all-trans-retinoic acid/tretinoin

A phase 3 trial randomized 346 patients with previously untrea@dto either alltransretinoic acid
(tretinoin) or daunorubicin plus cytarabine as induction treatmé&itPatients who achieved a CR were
given 1 cycle of consolidatiotherapy identical to their induction regimen followed by hidbse
cytarabine plus daunorubicin. Patients who were still in complete remission after 2 cycles of
consolidation were then randomly assigned to maintenance treatment withraals-retinoic acid
(tretinoin) or observation. In the chemotherapy arm, 69% of patients attained a CR while 72% of
patients who received atransretinoic-acid (tretinoin) reached a CR (p=0.56). APL is known to be
associated with a high risk for early death; there was ffeeince in mortality during induction
between the 2 groups. There were less serious infections in theaali-retinoic acid (tretinoin) group,

but that group also had more serious pulmonary toxic effects. Other toxicities seen in 4inanail
retinoic acid (tretinoin) group were pseudotumor cerebri, hyperleukocytosis, and retinoic acid
syndrome. By intentiotto-treat analysis, the rates of OS at years 1, 2, and 3 were 75%, 57%, and 50%,
respectively, for the chemotherapy group and were 82%, 72%, afid 6&spectively, for the altans
retinoic acid (tretinoin) group (p=0.003). The authors concluded that whikraasretinoic acid
(tretinoin) did not improve the rate of CR or decrease early mortality, it was associated with a reduced
risk of relapse.

Although the FDApproved indication for tretinoin is for remission induction in APL patients who are
refractory to, have relapsed from or have a contraindication to anthracycline chemotherapy,
contemporary protocols for the treatment of APL utilize tretin in the upfront, firstline setting for
off-label treatment induction in conjunction with either arsenic trioxide or an anthracyékhe.

Chronic Myeloid LeukemiaCML)

bosutinib (Bosulif)g versus imatinib innewly diagnosed Gronic Phase CP)CML

BFORE wasphase 3, opedabel,randomizedtrial of bosutinib versus imatinib in adult patients who

were newly diagnosed with @PML32933°A total of 536 patients were randomized to either bosutinib

400 mg once daily or imatinib 400 mg once daily and thdyshas a planned follow up of 5 years. The
major efficacy variable was MMR at 12 months. In addition, efficacy was measured by the rate of CCyR
by 12 months. At 1-2nonth followup, 47.2% (95% (10.9to 53.4) of the patients receiving bosutinib
experiencel a MMR compared to 36.9% (95% 3.8to 43) of patients receiving imatinib (p=0.02).
Similarly, the rate of CCyR was 77.2% (95%2@b 82.5) forbosutinib treated patients compared to
66.4% (95% (60.4to 72.4) of imatinib-treated patients (p=0.000). Diarrhea grade 3 or higher (7.8%
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vs 0.8%) and increased ALT (19% vs 1.5%) and AST levels (9.7% vs 1.9%) were more common wit
bosutinib than imatinib

bosutinib (Bosulif)¢ second or third-line therapy

The safety and effectiveness bbsutinib was evaluated in a singlem, openlabel, multicohort,

phase 1/2 study with 546 adults with chronic, accelerated or blast phase €MAll patients had
disease that progressed after treatment witnatinib (Gleevecpr imatinib followed by another TKI
(dasatinib [Sprycelbnd/or nilotinib [Tasigng] or who could not tolerate the adverse effects of prior
therapy. In patients with CP CML, efficacy was determined by the number of patients who experienced
amajor cytogenetic response (MCyRithin the first 24 weeks of treatment. Results showed 3%.8f
patients previously treated witimatinib achieved MCyR after 24 weeks (95%28I2 to 39.9). With a
minimum followup of 48 months, 59% of patients achieved a MCy®R Of patients who achieved
MCyR, 52.% had a MCyR lasting at least 18 monthEhe 2 year QGrate was 91%In patients
previously treated withimatinib followed bydasatiniband/or nilotinib, 26.%%6 achieved MCyR within

the first 24 weeks of treatment (95%, @8.8to 36.2). With a minimum follovup of 28.5 months 326

of patients achieved a MCydhd aCCyRwvas attained by 24%, including in 1 patient who had been
treated with 3 prior TKISOnly5 patients progressed to accelerated or blgtase disease while on the
drug. At 2 years, KaplaMeier-estimated PFS was 73% and estimated OS was*83#patients with
ARCML previously treated with at least imatinib, 3%h4ad complete hematologic response and
55.1% achieved overalhematologicresponseswithin the first 48 weeks of treatment. A total of %%

and 28.3%0 of patients with blast phase CML achieved complete hematologic response and overall
hematologic response, respectivelgrade 3to 4 adverse effects included thrombocytopenia ¥26f
patients), neutropenia (1%, diarrhea 999, anemia 999, andrash 8%. At 4 years, the cumulative
incidence of disease progression (transformation toGWPL or BRCML, increasing white blood cell
count or loss of confirmed CHR or unconfirmed MCyR) was 22% for patients resistant to imatinib and
10% for those intoleant to imatinib. In a separate study, higher risk patients (all patients were either in
AP or BC or being treated for ALL) who had experienced treatment failure in either imatinib or another
TKI were treated with bosutinit?* In AP or BC patients, 40% antP@ respectively, attained a MCyR.
Responses were most durable in AP patients where approximately 50% of responders continued to
have a response. The most common serious adverse effects were pneumonia and pyrexia. Two
treatment-related deaths occurred irhe trial.

dasatinib(Sprycellversusimatinib (Gleevec first-line therapy

Dasatinibversusimatinib study in treatmentnaive chronic phase CML patients (DASISION) was a
randomized, opedabel, multicenter,phase 3 study of 519 patients with newly diageed CP CML
randomly assigned talasatinib 100 mg once daily oimatinib 400 mg once dail§3® The primary
endpoint wasCCyRoy 12 months, confirmed o2 consecutive assessments a minimum of 28 days
apart. After at least 12 months followp, the rate of cornfmed complete cytogenetic response was
higher in thedasatinibgroup at 7?6 compared with theimatinib at 66% (p=0007). Median time to
confirmed CCyR was 3.1 monthsdasatinibresponders (199 patients) and 5.6 monthsimmatinib
responders (177 paties). The rate of complete cytogenetic response observed on at lgast
assessment was also higher wilasatinib(83% versus 72 p=Q001). For secondary endpoint, the
rate of major molecular response was higher witasatinibat 46% compared withimatinib at 28%
(p<00001), and in thedasatinibgroup responses were achieved in a shorter time (p8@1). In the
dasatinibgroup,5 patients (1.99 had progression to accelerated or blast phase of CML compared with
9 patients (3.89 receivingmatinib, this wasot statistically significantThe safety of th€ groups was
comparable.There ispublished36- to 48-month followrup data fromthe DASISION study showing

Oncology Oral, Hematologic Cancers RevieAugust 2020 M Il R
Page82 | Proprietary Information. Restricted AccesBo not disseminate or copy without approval. age an x
© 2010-2020 Magellan Rx Management. All Rights Reserved. MANAGEMENT..



superior cytogenetic and molecular response rates at certain time poutts dasatiniband lower

rates of progression to accelerated or blast phase compared to imatihibhe final Syear follow up
continued to demonstrate an overall faster time to cytogenetic and molecular response for dasatinib
compared to imatinib, as well as sustained higher cuningatates of response and a lower rate of
transformation for dasatinib. However, they®ar rates of PFS (85% for dasatinib, 86% for imatinib)
and OS (91% for dasatinib, 90% for imatinib) were equal in both #ms.

dasatinib(Sprycel) secondline therapy

The FDA approval for the use of dasatinib in patients who are resistant or intolerant to prior therapy
was based on several phase 2 trials; therefore, these trials are included in this review. These phase 2,
singlearm studies (STARN, STARB, START, JARTR,) examined the safety and efficacy of
dasatinib (Sprycel) in patients with Ph+ CML who were resistant or intolerant to imatinib. The ATART
trial evaluated the safety and efficacy of dasatinib (Sprycel) in patients with AP CML resistant or
intolerant to imatinib. At 1 year, PFS and OS were 66% and 82% respetfivehe efficacy of
dasatinib in imatinibresistant or intolerant patients with CML in myeloid blast crisis was evaluated in
STARB. Median PFS and OS were 6.7 months and 11.8 monthstients in STARB 339340341 The
STAR-C trial evaluated dasatinib in CP CML patients who were resistant or intolerant to imatinib. After
a median followup of 15.2 months, a complete hematologic response was attained or maintained in
91% of patients and MCyR was attained or maintained by 59% (52% imatinib resistant and 80%
imatinib intolerant). Fifteen month PFS was 90% and OS was“BVARTR compared dasatinib to
high-dose imatinib (800 mg/day) in patients with -OBPML resistant to imatinif3 At a minimum
follow-up of 2 years, dasatinib demonstrated higher ra@4R(93% versus 82%), MCyR (53% versus
33%), andCCyR44% versus 18%). In addition, PFS also favored dasatinib. All of these studies dosed
dasatinib as 70 mg twice dalily.

A randomized, zarm, mulicenter, openlabel phase 3 trial evaluated dasatinib as either a 140 mg once
daily or a 70 mg twice daily dosing schedule in 317 patients wiiCtMP who were resistant or
intolerant to imatinib3** The primary objective was to evaluate the efficacy of Zhdosing schedules

in terms of besttonfirmed major hematologic response. Other secondary endpoints included
evaluation of overall hematologic response, MCyR, time to and duration of responses, PFS, OS, and
safety. Patients in both groups had comparablemia¢ologic and cytogenetic response rates.
Hematologic response rates were achieved in 66% of patients in the-dailye dose group (95%
confidence interval [Cl], 59 to 74) and 68% of patients in the twice daily group (95% CI, 60 to 75). The
MCyR rate was®% (95% ClI, 31 to 47) in the once daily group and 43% (95% ClI, 35 to 51) in the twice
daily group. Compared with 70 mg twice daily, 140 mg once daily was associated with a lower
incidence of afgrade fluidretention events, specifically fewer pleural effans (all grades, 20% versus
39%, p<0.001) were seen in the once daily dose group. A similar proportion of patients in both groups
had sustained a durable response at 24 months.

CA18034: A phase 3 doseptimization study in adults with GBML who were r&istant to or
intolerant of imatinib randomized 670 patients to dasatinib 100 mg once daily, 50 mg twice daily,
140 mg once daily, or 70 mg twice daily. Losgn follow-up results indicated thes-year rate of

survival without transformation to AP or B study treatment was G%overall (100 mg once daity

76% 50 mg twice daily= 80% 140 mg once daily 83%;and 70 mg twice daily 74%).3%° A final

analysis at 7 years of follow up demonstrated that MMR, PFS, and OS were all similar across the
different dosage groups. The incidence of dmaagtated pleural effusion was hlgher in the 100 mg arm

Fd Hy?» O2YLINBR (2 op: 6AGK GKS 2GKSNJ o R24aS 3
patients across all dose grous$.
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dasatinib (Sprycely, pediatric patients with CRCML

A total of 97 pediatric patients with a diagnosis ofC¥AL were treated with dasatinib across 2 trials.
The median age of study participants was 13.5 years (rahge 20 years)The first trial was a non
randomized, dosdinding trial and the second trial was an opégbel, norrandomized singlearm
trial. Of the 97 patients, 91 were treated at a dose of dasatinib 60 Mgimse daily (maximum dose
100 mg daily) until disease progression or unacceptable toxiOitythe & patients, 51 were newly
diagnosed CEMLpatientsand 46 were patients with a history of resistance or intolerance to previous
treatment with imatinib. The median time to MMR was 8.3 months (95% 6111.8) across the entire
cohort of patientsWith amedian follow up of 5.2 years, the median durations of CCyR and MMR could
not be estimated because less than half of the patients withiwitial response hadeventually
progressedThe rangeof DORwas 2.4 to 86.9+ months for CCyR and 2.6 to 73.6+ mdothdMR.

imatinib (Gleeve¢ ¢ chronic phase CB, accelerated phaseAP), or blastic phase BP CML after
failure of interferon-alfa therapy

Three trials established the role of imatinib after failure of interfeaifa in either CP, AP, or BP
CML34"For CRCML, 532 patients were treated after failure of interferon therapy and there was a 95%
complete hematologic response. For-BRIL, 235 patients were treated after failure of interferon
therapy, there was a 71% complete hematologic respomseally,for BRCML,260 patients were
treated after failure of interferon therapy, there was a 31% complete hematologic response in this

group.
imatinib (Gleevec)yersusinterferon-alfa/ low-dose cytarabine

ThelRIS (International Randomized Study of Interferon and STI571) trial was a phase 3, randomized,
openabel trial that compared imatinib with interferealfa and lowdose cytarabine in 1,106 newly
diagnosed GIEML patients*® Crossover to the alternate grpuwas allowed for cases of treatment

failure or intolerance. The primary endpoint was disease progression defined as death from any cause
during treatment, development of ABML or BREML, loss of complete hematologic response, loss of
major cytogenetic reponse, or a rapidly increasing white cell count. Secondary endpoints were the
rate of complete hematologic response, the rate of major cytogenetic resposatsty, and
tolerability. After a median follovup of 19 months, the estimated rate of a major @génetic response

at 18 months was 87.1% (95% ClI, 84.1 to 90) versus 34.7% (95% ClI, 29.3 to 40) and the estimated rate:
of complete cytogenetic response were 76.2% (95% CI, 72.5 to 79.9) and 14.5% (95% ClI, 10.5 to 18.5)
for imatinib and interferon/cytaralrie, respectively (both p<0.001). The estimated rate of freedom

from progression to ARML or BEEML was 96.7% versus 91.5% favoring imatinib (p<0.001). At 12
months, the disease had not progressed in 96.6% of patients in the imatinib group compared%o 79.9

in the interferon/cytarabine group (p<0.001). Imatinib was better tolerated than interferon/cytarabine.

At a median followup of 10.9 years, the estimated OS of the group randomized to imatinib was 83.3%
and serious adverse events considered to be relate imatinib were uncommon and occurred most
frequently during the first year of treatmerit® The authors concluded that efficacy of imatinib
persisted over time and that loagrm administration of imatinib was not associated with
unacceptable cumulativer late toxic effects.

imatinib (Gleevecy CRCML pediatrics

An openlabel, multicenter, singlarm phase 2 trial examined 51 pediatric patients with newly
diagnosed and untreated @GPML3 There was a 78% incidence of complete hematologic response
after 8 weeks of therapy and the CCyR was 65%, comparable to results observed in adults.
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A phase 3 trial evaluated 146 children and adolescents (age range 1.3 to 18 years) with newly
diagnosed CMICP3! The trial also included 3 patients with CMP and 7 with CMBP. Patients with
CML:CP received imatinib 300 mg/mwith a median follow up time of 25 months, the evdrge
survival rate at 18 months for patients with CI@P was 97% (95% CI 9929)

nilotinib (Tasigna)ersusimatinib (Gleevecy; first-line therapy

EvaluatingNilotinib Efficacy and Safety in Clinical Trials in Newly Diagnosed Patients (ENESSTa
randomized, opedabel, multicenter,phase3 study which randomized 846 patients with Ph+ chronic
phase CML tailotinib 300 mg twice dailynilotinib 400 mg twice daily, ommatinib 400 mg once

daily 352 At 12 months, the rates of major molecular response (primary endpointiifotinib were 44

and 43nrespectively (for the 300 mg and 400 mg doses) versdsfag imatinib (p<Q001 for both
comparisons). The rates of complete cytogenetic response by 12 months were significantly higher for
nilotinib (80% for the 300 mg dose and ¥8for the 400 mg dose) compared witlmatinib (65%)
(p<0.001 for both comparisons). Patients receiving eithdotinib dose had a significant improvement

in the time to progression to accelerated pha@P)or blast crisifBC) compared with patients on
imatinib (p=001 and p=0004, respectively). None of the patients who progressed to the accelerated
phase or blast phashad a major molecular response. Adverse events which occurred more frequently
with imatinib were Gl effectsand fluidretention. Dermatologic adverse events and headache were
more frequent withnilotinib. Discontinuations due to increased aminotransferasd bilirubin levels
were low in all3 treatment arms.At 5year follow up, significantly more patients in the nilotinib arms
achieved MMR (77% for both nilotinib arms versus 60% for imatinib; p<0.0001). Fewer patients
progressed to AP or BC in the nifob arms (10 patients in the 300 mg nilotinib twice daily arm, 6
patients in the nilotinib 400 mg twice daily arm, and 21 patients in the imatinib arm.) The rates of early
molecular response were significantly higher for nilotinib across all risk graitnesestimated 5year

PFS and OS rates were 92% 88d®6, 96% and 96%, and% and 93% respectively for nilotinib 300

mg twice daily, nilotinib 400 mg twice daily, and imatinib, respectitly.

nilotinib (Tasigna) subsequentline therapy

A phase Dpenlabel trial evaluated the safety and efficacy of nilotinib 400 mg twice daily in patients
with CRCML (n=280) and APML (n=119) resistant or intolerant to imatirft43>> The efficacy
endpoint for CRCML was MCyR and the endpoint for@ML was major hreatologic response (MHR).
The overall MCyR aty&ar follow up for patients in the GBML arm was 59% and 77% of patients
maintained MCyR at 24 months. In patients with@ML, confirmed hematologic response was seen in
55% of patients with at least 2donth follow-up. The estimated PFS and OS rates were 70% and 30%,
respectively, for patients who entered the study with-GRIL.

nilotinib (Tasigna); pediatricswith newly diagnosed CEML or resistant/intolerant CRCML

Nilotinib was evaluated in 2 pediatridals which resulted in pooled data for 69 children (from ages 2
to < 18 years old}2® This pool included both newly diagnosed-CHL pediatric patients (n=25) and
imatinib/dasatinib resistant or intolerant GBML pediatric patients (n=44). Patients welesed at 230
mg/m? twice daily, rounded to the nearest 50 mg with a maximum single dose of 400 mg). The
cumulative MMR rate at 12 cycles for pediatric patients with newly diagnose@MiPwas 64% and

the cumulative MMR rate at 12 cycles for pediatric patseewith resistant or intolerant GEML was
47.7%.
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nilotinib (Tasigna ¢ treatment discontinuation

ENESTop is an opé&abel, multicenter, singlearm study wih 163 adult patients with GEML who have
NEOSAOGSR ¢YLA F2N x o asthiheN#olebuaResgoisa (MR4.5P@ nilotdik A S ¢
following prior imatinib therapy>’3° Patients were required to have received imatinib fo#t weeks

without documented sustained molecular response on imatinib at the time of switching to nilotinib
and then continued on nilotinib for at least 2 years and had achieved a MR4.5 on nilotinib. Of the 163
patients, 126 patients entered the treatmemntele remission (TFR) phase. At thev@&ek data analysis

cut-off, 61 patients (48.4%) had discontinued the TFR phase, 58 patients due to loss of MMR. Among
those 58 patients, 56 patients restarted nilotinib and 52 patients (92.9%) regained a sustained
moleaular response. There were 4 patients (7.1%) who did not regain a sustained molecular response
by the time of data cutoff.

ponatinib (Iclusig)

The PACE trial enrolled 449 adult patients onfohase 2 singlearm, openlabel trial of ponatinib 45

mg givenonce daily?>° Patients had GEML, AFCML, BRCML or Ph+ALL. The patients were divided
into 6 cohorts depending on their disease state, history of resistance or intolerance to a prior TKI, and
their T315] mutation status. Primary endpoint for patients wWeRCML was MCyR and the primary
endpoint for APCML, BFCML, and Ph+ALL patients was major hematologic response (MHR).
Secondary endpoints for all diagnoses included time to the response, duration of the response, PFS,
OS, and safety. The trial included?8 of patients who had receive@ previous TKIs (imatinib,
dasatinib, nilotinih or bosutinib) and 5% had received3 or more TKls. Of the &BML patients who
achieved a MCyR (36), the average time to reach MCyR was 2.8 months (rah@d¢o 11.3) Among
CRCML patients who achieved MCyR, responses were durable in 91% at 12 months. The estimated PFS
and OS at 12 months were 80% and 94%, respecfitthor APCML, BECML, and Ph+ALL, which
included the resistant or intolerant cohort, as well as the T31&taton cohort, the rates of MHR
were 534 31% and 424 respectively. The time to reach MHR v@aseeks (range2 to 25), 4.1 weeks
(range 1.7to0 16.1), and 2.9 weeks (rangk6to 24), respectively. The mediddORwas 12 months, 5
months, and 3 monthgespectively. Response rates were high among all patients in any stage with a
T315I mutation, which is resistant to all other targetbérapies. Hematologiadverse events included
thrombocytopenia (3% of patients), neutropenia (1% of patients), and anemia (28 of patients).
Nonhematologic serious adverse events occurring in more tttdof patients included pancreatitis
(599, abdominal pain2%), and increased lipase leve®4. Seriougyrade arterial thrombotic events
(including cardiovascular, cerebrovascular, and peripheral vascular events) were seen%no®.9
patients in the trial. Data on an additional 13 months of exposure in patients who continued in the trial
showed the cumulative incidence of serious arterial thrombotiergs was 11.%; the incidence of all
arterial thrombotic events, serious or not, was 1% Df the 270 patients on the trial who had -CRIL,

the 5year results indicated that 60% of patients achieved a MCyR and 40% achieved &'MMR.
Estimated Syear survial was 73% for patients with &ML.The most common adverse events were
rash (47%), abdominal pain (46%), thrombocytopenia (46%), headache (43%), dry skjnaf4l%)
constipation (41%).

Hypereosinophilic Syndrome/Chronic Eosinophilic Leukemia (HES/CEL)

imatinib (Gleevec)

An openlabel, multicenter, phase 2 trial was conducted with imatinib in patients diagnosed with life
threatening diseases associated with Abl, Kit, or platelet derived growth factor receptor (PDGFR)
protein tyrosine kinase®? Fourteen ofthese patients were diagnosed with HES/CEL. HES patients

Oncology Oral, Hematologic Cancers RevieAugust 2020 M Il R
Page86 | Proprietary Information. Restricted AccesBo not disseminate or copy without approval. age an x
© 2010-2020 Magellan Rx Management. All Rights Reserved. MANAGEMENT..



were treated with 100 mg to 1,000 mg of imatinib daily. A further 162 patients with HES/CEL were
reported in 35 published case reports and case series. These patients received imatinib at déses of 7
mg to 800 mg daily. Overall, @&lof patients had a complete hematologic response anéolad a

partial hematologic response.

Multiple Myeloma

ixazomib (Ninlaro)/lenalidomide/dexamethasone versus placelenalidomide/dexamethasone

TOURMALINEIM1: The effcacy and safety of ixazomib in combination with lenalidomide and
dexamethasone were evaluated in a phase 3, randomized, ddlinid, placebecontrolled,
multicenter study in patients with relapsed and/or refractory multiple myeloma who had received at
least 1 prior line of therapy®® A total of 722 patients were randomized in a 1:1 ratio to receive either
the combination of ixazomib, lenalidomide, and dexamethasone (n=360) or placebo, lenalidomide, and
dexamethasone (n=362) until disease progression or unacceptable toxicity. Padeaiged ixazomib

4 mg or placebo ordays 1, 8, and 15 plus lenalidomide (25 mg) days 1 through 21 and
dexamethasone (40 mg) atays1, 8, 15, and 22 of a 28y cycle. Response was assessed every 4
weeks until disease progression. At a median followotifg4.7 months, PFS of the ixazomib regimen
was 20.6 months compared to 14.7 months for the placebo regimen (HR, 0.74; p=0.01). A planned
interim OS analysis was conducted with 35% of the required number of deaths for final OS analysis;
there were 81 dedis in the ixazomib group and 90 deaths in the control group. An OS benefit was not
demonstrated but followup is ongoing. The rates of serious adverse events were similar between the
2 regimens (47% for ixazomib (Ninlaro) group and 49% in placebo grougjle G or 4
thrombocytopenia occurred more frequently in ixazortibated patients (1% and 7% versus 5% and

4% respectively. Patients reported similar quality of life scores in the 2 groupspreplanned
subanalysis assessed the safety and efficacii@®Ptgroups according to individual patient cytogenetic
risks364 Highrisk cytogenetic abnormalities included del(17p);14), and/or t(4;16). Of the 722
randomized patients, 522 had available cytogenetic results and 137 (25%) were identified aslhaving
of the highrisk cytogenetic abnormalitiedledian PFSf 20.6 months versus 15.6 monthssseen n

the ixazomib armcompared to the placebo armnwith HRequal to 0.64 (95% CIl0.462to 0.888
p=0.007).

lenalidomide/d examethasone versusielphalan/prednisone/thalidomide(MPT)c first-line therapy

The FIRST (Frontline Investigation of Revlimid and Dexamethasone versus Standard Thalidomide) trial
was aphase 3, opedabel, randomized trial enrolling 1,623 previously untreated, symptomatimn s
cell transplantineligible patients to1l of 3 arms3%® These arms included lenalidomide and
dexamethasone in 28ay cycles for either 72 weeks (n=541) or until disease progre§ssB85) or

the standard therapy arm (n=547) witmelphalan/prednisone/thalidomide (MPT). The primary
endpoint was PFS. At a median of 37 months of fellpw PFS was 25.5 months with continuous
dosing of lenalidomide/dexamethasone, 20.7 months for the 72 week arm of
lenalidomide/dexamethasone therapy, @r21.2 months for the standard therapy (MPT) arm,(BiR2

for continuous lenalidomidelexamethasone versus MPT; p<0.001). Continuous lenalidemide
dexamethasone was also superior to MPT for OS! gears (59% versus 51%). Patients in the
continuous lenalidmide/dexamethasone arm had fewer hematologic and neurologic toxicities but a
higher incidence of infections compared to the MPT arm.
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lenalidomide¢ multiple myeloma maintenance therapy after auteiSCT

Two randomized, double blind, placebo controlled dias evaluated the efficacy and safety of
lenalidomide maintenance therapy in multiple myeloma patients after ad&®CP%® Study 1 enrolled

460 patients who underwent induction therapy followed by ati8CT; within 90 to 100 days after
auto-HSCT patients thi at least a stable disease response were randomized to either lenalidomide or
placebo maintenance. Study 2 enrolled 614 patients with multiple myeloma who were randomized
within 6 months after induction therapy and autdSCT to either lenalidomide or p&bo. In both
studies, lenalidomide was dosed at 10 mg once day on days 1 t028 of repeattal 2§cles. Dose
reductions or increases were allowed per protedefined parameters. The major efficacy endpoint of
both studies was PFS. At the preplanned rimte analyses of both studies, the respective data
monitoring committees recommended unblinding the trials due to data favoring lenalidomide over
placebo. At the time of unblinding, the PFS in Study 1 was a median of 33.9 months for the
lenalidomide mainteance arm versus 19.0 months in the placebo arm (HR, 0.38; 95% CI, 0.27 to 0.54)
and in Study 2, the PFS was a median of 41.2 months in the lenalidomide arm and 23.0 months in the
placebo arm (HR, 0.5; 95% CI, 603®4).0OSupdated at a subsequent analysismonstrated a median

OS of 111 months versus 84.2 months and 105.9 months versus 88.1 months for lenalidomide and
placebo in Studies 1 and 2, respectively.

melphalan/prednisone/thalidomide (MPT) versus melphalan/prednisone/lenalidomide (MPL)

E1A06: A phse 3, randomized, multicenter trial compared MPT with MPL as primary treatment in
newly diagnosed elderly patients (n=306) with multiple myeloma who were not transplant efigfible.

The median age of the patients enrolled was 75.7 years. At a median fgl@iv41 months, there was

no statistically significant difference in terms of efficacy. PFS was 21 months on the MPT arm and 18.7
months on the MPL arm (HR, 0.84; 95% CI, 0.64 to 1.09). OS was 52.6 months for MPT patients and
47.7 months for MPL patientgp=0.476). The toxicity profile differed between the 2 regimens with
grade 3 or higher nonhematologic toxicity rates of 59.9% for fi@ated patients and 40% for MPL
treated patients. Quality of life analysis favored MPL over MPT at the end of indyatioroQ7).

panobinostat (Farydak)/bortezomib/dexamethasone versus placebo/bortezomib/dexamethasone

PANORAMAL: The efficacy and safety of panobinostat in combination with bortezomib (Velcade®) and
dexamethasone was evaluated in a randomized, dodlited, pacebcocontrolled,phase 3, multicenter

study in patients with relapsed multiple myeloma who had receite 3 prior lines of therapy.
Treatment was administered for a maximum of 16 cycles (48 wé&ka)total of 768 patients were
randomized in a 1:1 ra& to receive either the combination of panobinostat, bortezomib,
dexamethasone (n=387) or placebo, bortezomib, dexamethasone (n=381), stratified by prior use of
bortezomib and the number of prior lines of amtyeloma therapy.Demographics and baseline
disease characteristics were balanced between arms. The median number of prior therapiés was
48% of patients received or 3 prior lines of therapy. More than half (57%) of the patients had prior
stem cell transplantation. The most common prior antinespila therapies were, in order of
prevalence: corticosteroids, melphalan, thalidomide, cyclophosphamide, bortezomib, and
lenalidomide. The median duration of follemp was 29 months in both arm$he primary endpoint

was PFS, using modified European Bonertda Transplant Group (EBMT) criteria, as assessed by the
investigators. In the overall trial population, the median PFS was 12 md®86 C1,10.3to 12.9) in

the panobinostat, bortezomib, dexamethasone arm and 8.1 morB&4CI7.6to 9.2) in the plaebo,
bortezomib, dexamethasone arr{kiIR 0.63 95% CIl0.52to 0.76). At the time of interim analysi®S

was not statistically different between arms. The ORR did not differ betwee tveups; however,
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there was a higher complete or near complete respe rate in the panobinostat group (107 versus 60

in the placebo group, p=0.00006).The most comngade 3to 4 serious adverse events were
thrombocytopenia (67% in the panobinostat group versus 31% in the placebo group), lymphopenia
(53% versus 40%), dibea (26% versus 8%), fatigue (24% versus 12%), and peripheral neuropathy
(18% versus 15%) for panobinostat group compared to placebo, respectively.

The approval of panobinostat was based upon the efficacy and safety in-gpecdied subgroup
analysis of 193 patients who had received prior treatment with both bortezomib and an
immunomodulatory agent and a median @prior therapies as théenefitto riskratio appeared to be
greater in this more heavily pretreated population than in the overall trial population. Of these 193
LI GASYGasz T1cx 2 F2pioKlBes of kher&py. Nk Edad R wag 10.6 Mmoo (
Cl,7.6to 13.8) in the panbinostat, bortezomib, and dexamethasone arm and 5.8 mon@#84 Cl4.4

to 7.1) in the placebo, bortezomib, and dexamethasone arm QH2, 95% CI0.36to 0.76).

pomalidomide (Pomalyst) plus lowose dexamethasone versus higlose dexamethasone alone

MM-003: A randomized, opelabel, international multicenter, phase 3 trial was conducted in patients
with refractory or relapsed refractory multiple myeloma who had failed at least 2 previous treatments
including bortezomib and lenalidomic€® The 302 patientsvere randomized 2:1 to receive either
pomalidomide 4 mg/day on days 1 through 21 plus-tioge dexamethasone (40 mg/day on days 1, 8,
15, and 22) or higldose dexamethasone (40 mg/day on days 1 through 4, 9 through 12, and 17
through 20).Pomalidomide pla lowrdose dexamethasone was chosen as the control arm based on a
previous study which had shown superior ORR for pomalidomide plusidses dexamethasone
compared to single agent pomalidomide ®R3% versus 8%espectively.3’° Therapyfor the
pomalidomde plus lowdose dexamethasone versus pomalidomide plus {uigbe dexamethasone
was continued until disease progression or unacceptable toxicity. The primary endpoint was PFS. After
a median follomup of 10 months, the median PFS was 4 months (95% Clto3467) for the
pomalidomidelow dose dexamethasone arm versus 1.9 months (95% CI, 1.9 to 2.2) witHdsigh
dexamethasone (HR, 0.48 [95% CI, 0.39.6)p<0.001]). The incidence of grade 3 to 4 neutropenia
(48% versus 166) was higher in the combinaticarm but the incidences of anemia @3versus 3%)

and thrombocytopenia (2% versus 260) were higher in the higldlose dexamethasone arm.
Nonhematologic grade 3 to 4 adverse events occurring more commonly in the pomalidomide
combination arm were pneumonia 3% versus 8%) and bone pain (7% versus 5%).

selinexor (Xpovio plus dexamethasone; relapsed/refractoryto x4 prior therapies including x 2
proteasome inhibitors)x2 immunomodulatory agentsand an anttCD38monoclonalantibody

STORMA phase 2bmultinational, singlearm, openlabel study assessed the safety and effectiveness

of selinexor in 202 adult patients with relapsed or refractory multiple myeléth&2 The 2part study
assessed the role of selinexor in patients with (1) qgtefdactory (borezomib, carfilzomib,
lenalidomide, and pomalidomide) and pentafractory (also refractory to amCD38 antibody) multiple
myeloma (MM) and (2) penteefractory MM only. Included patients were required to have a diagnosis

of MM based on modified Internatiml Myeloma Working Group (IMWG) guidelines, and those with
smoldering or active CNS MM, plasma cell leukemia, or systemic amyloid light chain amyloidosis were
excluded All patients received twice weekly oral selinexor 80 mg and dexamethasone 20 mgsoh day
and 3 of each week until disease progression, death, or unacceptable toxicityrifiteey endpoint

was ORR as assessed by an Independent Review Committee (IRC) based on the IMWG Uniform
Response Criteria for Multiple MyelomBhe approval of selinexas based on a prespecified subgroup
analysis ofpatientsNB ¥ NI Ol 2 NBE {2 0 2 Nlpfieasofifeiahibitod); |aEli#dmMIde Y A 0
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LI2YlFIf AR2YARS 0 H AYYdzy2Y2Rd2D3s8imdmbBEonal antibydy). TRi$ NI
subgroup of more heavilireated patients (83 of the 122 participants in Part 2) was defined as most
likely to have the greatest benefit to risk ratio compared to the overall trial population. The median
age of this group was 65 years (range, 40 to 86 years), and the majorgymede (61%) and Caucasian
(70%). The median number of years since diagnosis was 7 (range, 1 to 23), the median number of prior
treatment regimens was 8 (range, 4 to 18), and 81% had a previous stem cell transplant. The ORR in
this subgroup was 25.3% (93% 16.4 to 36). StringenCR CR, very gooBR and PR occurred in 1, O,

4, and 16 patients, respectively. The median time to first responseDédiwere 4 weeks (range, 1 to

10) and 3.8 months (95% ClI, 2.3 to not estimable), respectively.

thalidomide (Tralomid)/dexamethasone versus dexamethasone alone

A randomized, opetabel, phase 3 trial compared thalidomide plus dexamethasone (n=103) to
dexamethasone alone (n=104) in newly diagnosed multiple myeloma pafi€nthalidomide was

dosed at 200 mg daily for 4 weeks. Dexamethasone was dosed at 40 mg orally on days 1 through 4,
days 9 to 12, and days 17 through 20. Each cycle was repeated every 4 weeks. The primary endpoints
were best response within 4 cycles of tream and toxicity during this same time frame. The best
response within 4 cycles of therapy was significantly higher with thalidomide/dexamethasone
compared with dexamethasone alone; 63% versus 41%, respectively (p=0.0017). Grade 3 or higher
nonhematologictoxicities were seen with 67% of patients within 4 cycles with the combination and
43% of dexamethasone monotherapy arm (p<0.001). These grade 3 or higher toxicities seen more
frequently in the combination arm included deep vein thrombosis (DVT) (17%sv@¥s)) skin rash (4%
versus zero), bradycardia (1% versus zero), and peripheral neuropathy (7% versus 4%). On the basis of
these results, routine DVT prophylaxis is recommezhdn all patients being treated with
thalidomide/dexamethasone.

Myelofibrosis(MF)

fedratinib (Inrebic) and placebo

JACARTA4375 A phase 3, multinational, randomized, doutlind, placebecontrolled trial assessed

safety and effectiveness of fedratinib for the treatment of patients with intermedter highrisk

primary or secondarMF (postpolycythemia vera MF or posissential thrombocythemia MF with
splenomegaly; n=289)ncluded patients were randomized to fedratinib 500 mg, fedratinib 400 mg, or

L  OS02 2y0S RIAf& FT2NJ x c OeéOf Sa dpolydythemib def Ay S
MF, and 10% had posissential thrombocytopenia MF, of which 52% had intermediatesk and 48%

had highrisk disease. The median age was 65 years (range, 27 to 86) and 59% were male. The primary
outcome wasspleen response, defined éise LINP LI2Z NI A2y 2F LI GASyida | OKA
baseline in spleen volume at the end of cycle 6 (as measured by magnetic resonance imaging [MRI] or
computerized tomography [CT] scaagd confirmedwith a followup scan 4 weeks lateiThis was
achiewedin 36%(95% ClI, 27 to 4®f fedratinib400 mgtreated patientsand 40% (95% CI, 30 to %)
fedratinib 500 me¢freated patientscompared to 19%995% CI, 0 to 3pf placeboetreated patients
(p<0.0001). Per Kaplavieier estimates, the mediaDORwas 18.2months in the fedratinib 400 mg
treatment group.In addition,36% (95% CI, 26 to 4@&)f fedratinib 400 mgreated patientsand 34%

(95% ClI, 24 to 44) of fedratinib 500 #mgated patientsr OKA SGSR x pxE: NBRdzOG A 2
score at the end of cyclé on the modified Myelofibrosis Symptom Assessment Form (MFSAF) v2.0
diary compared t07%(95% CI, 2 to 13) @iacebotreated patients The MFSA&ssesses 6 of the core
symptoms of MF (p<0.0001Yhe most common adverse effects were anemia, Gl toxicity, and
increased liver enzymes, serum creatinine, and pancreatic enzymes; however, 4 cases of
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encephalopathy occurred in the fedratinib 500 mg/day treatment group. Fedratinib is not approved for
use & 500 mg/day.

ruxolitinib (Jakafi) and placebo

COMFORT?376377378 This randomized, doublelind, placebecontrolled, phase 3, study, compared
ruxolitinib to placebo in 309 MF patients who were refractory to or were not candidates for available
therapy. The pk Y NBE SFFAOlI O SyRLIRAYU(U 0LNRileiNdnAfdY 2 F
baseline in spleen volume at week 24 as measured by MRI or CT) was reache&anf4i@litinib
patients compared with 0% of placebo (p<0.0001A reduction in spleen voluemwas maintained in
patients who receiveduxolitinib; 67% of the patients with a response had the response for 48 weeks
or more. There was an improvement B50% in the total symptom score at 24 weeks in 45.9% of
patients who receiveduxolitinib versus5.3% of patients who received placebo (p<0.0001). Patients
treated with ruxolitinib demonstrated clinically meaningful improvements in quality of life scoring
while those receiving placebo had diminished scores on standardized quality of life assessmient to
Thirteen deaths occurred in theixolitinib group versus 24 deaths in the placebo arm (HR, 0.5; 95% ClI,
0.25 to 0.98; p=0.04). The rate of discontinuation due to adverse events was 11% ruxati&nib
group and 10.6% in placebo. Publishegezr fdlow-up to COMFORITdemonstrated that 100 of the

155 patients randomized to ruxolitinib were still receiving treatm&itMean spleen volume
reductions in the ruxolitinib group were 34.9% at week 96; improvements in quality of life measures
were also mairdined. Improved survival was observed for ruxolitinib (27 deaths) versus placebo (41
deaths) (HR, 0.58; 95% CI, 0.36 to 0.95; p=0Ax3)he final Syear trial results, a total of 27.7% of
patients initially randomized to ruxolitinib were still receivimgatment compared to no patients who
were initially randomized to plabo while 25.2%of patients who crossed over to ruxolitinib were still
receiving treatmen£® The median DORto reduced spleen volume was 168.3 weeks for patients
randomized to ruxolitiniband that same group demonstrated prolonged OS compared to patients
initially randomized to placebo despite the crossover to ruxolitinib (OS not reached in ruxolitinib arm
versus 200 weekin the placebo initial randomization arm; HIR69[95% CI 0.50 0.96; p=0.02p. No

new safety signals were seen in this léegm analysis compared to those already previously reported.

COMFORT: 381382 A randomized, opetabel study in 219 MF patiestcompared (2:1juxolitinib to

best available therapy. Best available therapy was selected by the investigator on a-pstmatient

basis. Medications received by ov&0% of patients werehydroxyurea(470 and glucocorticoids
(16%). A total of 286 of ruxolitinib patients had at least a 35reduction in spleen volume at week 48
(primary endpoint), versu$% in the group receiving the best available therapy (j©01); the
corresponding percentages at week 24, weré/@@nd 0% (p<001). At 48 weeks, the rae palpable
spleen length had decreased by%6vith ruxolitinib but had increased b¥%with the best available
therapy. The mediaDORwas not reached witluxolitinib, with 80%of patients still having a response

at a median followup of 12 monthsA seondary endpoint was the proportion of patients achieving a

X 35% reduction of spleen volume was shown in 3%.8f ruxolitinib patients versu€0% with best
available therapy at week 24 (p€001).¢ KS Y2 aid O02YY2y KSY!I gade 3)1hA O |
either group were thrombocytopenia and anemi& published3-year followup of the COMFORIT

study demonstrated that 4% of patients initially randomized to ruxolitinib remained on treatméfit.
Patients with spleen volume reductiong35%by MRI (equivalentda approximately 5% reduction by
palpation) had a sustained response for at least 144 weeks. Anemia and thrombocytopenia were the
main toxicities at the3-year followup but these were generally manageable, improved over tiamel

led to treatment discontiuation in only 3.86of patients. Finally, patients randomized to ruxolitinib
showed longer OS than those randomized to best available therapy (HR, 0.48; 95% @l,00853
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p=0.009).

A pooled analysis of OS in both the COMFORT | and the COMFORsTwhasriabnducted* Overall,

301 patients received ruxolitinib (155 in COMFORT | and 146 in COMFORT II) compared to 154 patients
who received placebo (COMFORT I) and 73 patients who received best available therapy (COMFORT II)
OS at week 144 was 78% for igats who received ruxolitinib compared to 61% in the 2 control groups
(HR, 0.65; 95% ClI, 0.46 to 0.9; p=0.01).

Nonl 2RATAY QA [&8YLIK2Y!Il a
Chronic Lymphocytic Leukem{@LLSmall Lymphocytic LymphomgSLL)

acalabrutinib (Calquence) monotherapy versuwsalabrutinib plus obinutuzumab (Gazyva) versus
obinutuzumab plus chlorambucit previously untreated

A phase 3, randomized]obal, multicenter, ope#abel, controlled trial evaluated acalabrutinib with or
without obinutuzumab versus chlorambucil and obinutuzumalb8b treatmentnaive CLL patients
(ELEVATE TNCTO0247568185386 patients inthe acalabrutinib treatment arn{n=179 received 100

mg twice a dayntil progressive disease or unacceptable toxic effects occurred. For patients receiving
acalabrutinib and obinutuzumaln=179, acalabrutinih at the dosing regimen listed abovejas
administered for 1 cycle prior to obinutuzumab administration to deceeth® likelihood for infusion
related reactions with IV obinutuzumab was given on days 1 (100 mg), 2 (900 m@p@®r(d), and 15
(1,000 mg) of cycle 2 and on day 1000 mg) of cycles 3 through 7. For patients in the chlorambucil
plus obinutuzumab grqu(n=177) oral chlorambucil was given at a dose of 0.5 mg/kg on days 1 and 15
of each cycle, for 6 cycles, anddbinutuzumab was given on days 1 (100 mg), 2 (900 mg)08Q(1
mg), and 15 (D00 mg) of cycle 1 and on day 1000 mg) of cycles 2 through The primary endpoint
was PFS for the 2 combination groups as assessead IRC crossover to acalabrutinib was allowed in
patients who progressed on obinutuzumab plus chlorambucil. After a median fajotime of 28.3
months, the median PFS was longwith acalabrutinib plus obinutuzumab and acalabrutinib
monotherapy, than with obinutuzumab plus chlorambuaibt reached[NR] with acalabrutinib +
obinutuzumab versus 22.6 months with obinutuzumalzhlorambucijlhazard ratio[HR] 0.1; 95% ClI,
0.06 to 017; p<0.0001; and NR with acalabrutinib monotherapy versus 22.6 months with
obinutuzumab+ chlorambucijl HR 0.2; 95% CI, 0.13 to 0.3; j©801).Overall, stimated PFS at 24
months was 93% with acalabrutinib obinutuzumab (95% CB7 to 96), 87% withacalabrutinib
monotherapy 95% CI81 to 92), and 47% with obinutuzumab chlorambucil §5% CI39 to 55).
Acalabrutinib aloneas monotherapyor in combinationwith obinutuzumab resulted in atatistically
significant improvement in PFS compared to obirutmab + chlorambucil in treatmemaive CLL
patients.

F OFfFoONHziAYADdD O@DSNERdzA Ay @SaitAdaliz2Nna OK2AO0S 27
bendamustine plus rituximalx; relapsed or refractory CLL after at least 1 prior systemic therapy

A multicenter, randomized, opeitiabel trial evaluated acalabrutinib as monotherapy in 310 relapsed or
refractory CLL patients (ASCEND, NCT0297831tients had disease progression following at least

1 prior systemic therapypatients with transformed disease, @ymphocytic leukemia, or prior
treatment with venetoclax, a BTK inhibitor, or a phosphoinosiB8dkinase inhibitor were excluded.
Patients were randomized 1:1 to acalabrutinib 100 mg approximately every 12 hours until disease
progression or unacceptabl@xicity (n=155)2 NJ Ay @S & ( A @+16580Ndidker: (&) Kd2lalisibS

150 mg orally approximately every 12 hours, in combination with 8 infusions of rituximab dosed at 375
mg/m? IV on day 1 of cycle 1, followed by 500 mé#wery 2 weeks for 4 dosemd then every 4
weeks for 3 doses with a 28y cycle lengthor (B) bendamustine 70 mg/fiV on day 1 and 2 of each
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28-day cycle in combination with rituximab dosed as 375 nfghhon day 1 of cycle 1, then 500 mg/m

on day 1 of subsequent cycles for up to 6 cycles. The primary efficacy endpoints vessdeEsmined

by IRC. At a median follewp of 16.1 months, the median PFS was not estimable in the acalabrutinib
monotherapy arm compared to 16.4 months (95% Cl,i12 wmT ®m0 Ay (GKS Ay @Sa
corresponding with a HRof 0.31 (95% ClI, 0.2 to 0.49; p<0.0001).

chlorambucil versus chlorambucil plus rituximab (Rituxao)y chlorambucil plus obinutuzumab
(Gazyvay; previouslyuntreated

A phase 3, randomizedial evaluated chlorambucil as monotherapy compared to chlorambucil in
combination with a CD20 antibody (either rituximab or obinutuzun?&b} total of 781 patients with
previously untreated CLL and an estimated CrCl of 30 to 69 mL/min or a cumulagise iiting score
(CIRS) greater than 6 (range, 0 to 56; higher numbers indicating a higher degree of illness) were
randomized in a 1:2:2 fashion. Patients received 6 cycles of treatmerdg2&ycles). The primary
endpoint was PFS as assessed by the isitestigators; secondary endpoints included evéee
survival, the time to new treatment, adverse evensd OS. The chlorambucil combination arms
(rituximab or obinutuzumab) both had significantly improved median PFS compared to the
chlorambucil alonearm. For the obinutuzumab combination, the median PFS was 26.7 months
compared to 11.1 months for chlorambucil alone (HR, 0.18; 95% CI, 0.13 to 0.24; p<0.001) and for the
rituximab combination, the PFS was 16.3 months (HR, 0.44; 95% ClI, 0.34 to 0.501 908 benefit

was seen in all analyzed subgroups, except in patients adgth(l7p). When the 2 combination arms
were compared, there was a significant improvement in PFS for obinutuzghiakambucil compared

to rituximab-chlorambucil (26.7 months veus 15.2 months; HR, 0.39; 95% CI, 0.31 to 0.49; p<0.001).
There were more adverse events noted in the chlorambelgihutuzumab arm with myelosuppression
and infusion related reactions occurring more frequently than in the other 2 arms of the study.
Howe\er, the percentage of patients who died because of an adverse event was lower in the
obinutuzumabchlorambucil group (4%) compared to either the rituxiraiorambucil group (6%) or

the chlorambucil alone group (9%). At the time of study publication, GSsigaificantly better in the
obinutuzumabchlorambucil arm compared to chlorambucil alone (HR, 0.41; 95% CI, 0.23 to 0.74;
p=0.002). There was no statistically significant difference in OS with rituxdéhiabambucil versus
chlorambucil alone or obinutuzmab-chlorambucil compared to rituximathlorambucil.

duvelisib (Copiktra) relapsed or refractory patients

DUO: A multicenter, phase 3, randomized, offemel study compared duvelisib to ofatumumab in 319

LI GASyGa oAGK [/ [ [ k{][ [.Patien®s iwSélFandommed LINIS Feked/ezdithell K S |
duvelisib 25 mg twice daily or intravenously administered ofatumufiat® The stidy met the

primary endpoint,with significant improvement irPFS compared to ofatumumab for a@latients
(median, 13.3 monthsersus 9.9 months, respectively; HR, 0.52; p<0.0@31lassessed by the IRC.

ORR was higher with duvelisib than ofatumumab (74% versus 45%, respectively; p<®doedge

events that were identified as grade 3 or higher occurred in 87% of duvelisionfsaged 48% of
ofatumumab patients. Pneumonia was the most frequently reported serious adverse events reported

in both treatment groups (duvelisib 15%; ofatumumab 3%). In the ofatumumab arm, 7 patients had
fatal adverse events; however, none were attribdte® the study drug.

ibrutinib (Imbruvica) versughlorambucil (Leukerang, previously untreatedCLL without 17p deletion

RESONATE was a randomized, international, opéabel, phase 3 trial which examined the use of
ibrutinib compared tochlorambucilfor patients (n=269) with previously untreated CLL who were 65
years or older and who did not have a chromosome 17p13.1 delétioRatients assigned to the

Oncology Oral, Hematologic Cancers RevieAugust 2020 M Il R
Page93 | Proprietary Information. Restricted AccesBo not disseminate or copy without approval. age an x
© 2010-2020 Magellan Rx Management. All Rights Reserved. MANAGEMENT..



ibrutinib arm continued therapy until disease progression or unacceptable toxicity. Patients assigned
chlorambucil were treated for up to 12 cycles or until disease progression, determination of lack of a
response, or unacceptable toxicity, whichever occurred first. The primary endpoint was PFS as assessed
by anIRCaccording to the iwCLL criteria, withodification to account for the known treatment
related lymphocytosis with ibrutinib, which, in the absence of other indicators does not qualify as
progressive disease. At a median follapr of 18.4 months, ibrutinib significantly prolonged PFS
compared b chlorambucil (median not reached versus 18.9 months, respectively). The relative risk of
disease progression or death was 84% lower with ibrutinib therapy compared to chlorambucil therapy
(HR, 0.16; 95% ClI, 0.09 to 0.28; p<0.001). The median OS hasknaehched in either group but the

OS rate at 24 months was 98% with ibrutinib versus 85% with chlorambucil (HR, 0.16, 95% CI, 0.05 to
0.56; p=0.001). The most common adverse effect in ibrutirebted patients was diarrhea (42% with

grade 3 diarrhea id% of patients). Other adverse effects that occurred in 20% or more of ibrutinib
treated patients were fatigue, nausea, and cough. Adverse events that occurred in 20% or more of
chlorambucitreated patients included fatigue, neutropenia, nausea, anemia &omiting. More
patients discontinued chlorambucil (23%) due to adverse effects compared to ibrutinib A9%4.

month follow up, the rate of PFS in ibrutiditeated patients was 89% and ORR was 92%Vith a

median follow up of 60 months, PFS and OS8tinaed to favor ibrutinib over chlorambuciFor
ibrutinib versus chlorambucil, respectivelpgFS was 70% versus 12 %, (HiR46 95% CI, 0.0980

0.218) and OS was 83% versus 68% QHR, 95% C0.266 to 0.761§%°

ibrutinib (Imbruvica) plus rituximal(Rituxan) versus chemoimmunotherapy
(fludarabine/cyclophosphamide/rituximab(Rituxan)g previouslyuntreated CLL

A phase 3, multicenter, opelabel trial randomized 529 patients who were 70 years of age or younger
and had previously untreated CLL to ibnih 420 mg/day plus rituximab or chemoimmunotherapy
consisting of fludarabine, cyclophosphamide and rituxirffitBoth regimens wer@8-day cycles and
administered for 6 cycles; in the ibrutinib/rituximab arm, ibrutinib monotherapy was continued until
disease progressionPatients were stratified according to age, ECOG performance status, Rai stage
and the presence oabsenceof chromosome 11g22.3 deletiohe primary endpoint was Pkile

OS was a secondary endpoirfithere were interim analyses plannetl 24 to 27 months after full
enrollment and then annually until data maturity. At a median fologvof 33.6 months, PFS favored
ibrutinib/rituximab over chemoimmunotherapy, 89.4% versus 72.9% at 3 year9(8895% CIl0.22

to 0.56; p<0.001). OS al&avored ibrutinib/rituximab over chemoimmunotherapy; 90.7% versus 62.5%
at 3 years (HR0.17; 95% CI0.05 to 0.54 p<0.001). In the subgroup of patients without IGHV
mutation, ibrutinib/rituximab showed superior PFS at 3 years (90.7% versus 62.5%26{®5% CI

0.14 to 0.5;however,in the subgroup with IGHV mutation, the PFS was 87.7% for ibrutinib/rituximab
and 88% in the chemoimmunotherapy group (HRI4; 95% CI0.14 to 1.36) When examining the
grade 3 or higher adverse events, there was a lowecidence of neutropenia in the
ibrutinib/rituximab group compared to the chemoimmunotherapy group (25.6% versus 44.9%) as well
as a lower incidence of infectious complications including neutropenic fever (10.5% versus 20.3%).
Grade 3 or higher hypertensio0(18.8% versus 8.2%) and hemorrhagic events (1.1% versus 0%)
occurred in the ibrutinib/rituximab arm compared to the chemoimmunotherapy arm. Atrial fibrillation
of any grade occurred in 7.4% of ibrutinib/rituximab patients compared to 3.2% of
chemoimmunoherapy patients.

Oncology Oral, Hematologic Cancers RevieAugust 2020 M Il R
Page94 | Proprietary Information. Restricted AccesBo not disseminate or copy without approval. age an x
© 2010-2020 Magellan Rx Management. All Rights Reserved. MANAGEMENT..



ibrutinio  (Imbruvica) versus ibrutinib (Imbruvica) plus rituximab (Rituxan) versus
chemoimmunotherapy(bendamustine[Treandd) plus rituximab (Rituxan) ¢ previously untreated
CLL

A phase 3randomized trial was conducted ih i A S5 years o age who had previously untreated
CLL3 Patientswere randomly assigned to receive either bendamustine plus rituxjnitzdoitinib
monotherapy or ibrutinib plus rituximab Patients were stratified by risk categoagcording to Rai
stage, dell7p odelllq statusand ZAP70 methylation status. Each treatment arm utilizedl®8
treatment cycles. Bendamustine/rituximab and the rituximarutinib wereadministeredfor 6 cycles
while both ibrutinibcontaining arms continued receiving ibrutinib uniihacceptable toxieffects or
disease progression. The estimated percentage of patients with PFS at 2 years was 74%668%66 ClI
80) with bendamustine/rituximap87% (95% (C81 to 92) with ibrutinih and 88% (95% (31 to 92)

with ibrutinib plus rituxmab. The hazard ratiofor disease progression or death were 0.39 (95% CI
0.26 to 0.58) for the comparison of ibrutinib versus bendamustine/rituximab (p<0.001) and 0.38 (95%
Cl 0.25 to 0.59) for the comparison of ibrutinib/rituximab versus bendamustihedrmab (p<0.001).
There was no significant differendsetween the ibrutinib plus rituximab group compared to the
ibrutinib monotherapy group regarding PFS (HF95% CI0.62 to 1.62p=0.49) With a median follow

up of 38 months there was no signifi¢gatifference among the 3 groups with regard to OS. The rates of
serious hematologic adverse events were higher with bendamustine/rituximab while the rates of
serious noAhematologic adverse eventgere higher with the ibrutinibcontaining regimens.

ibrutinib (Imbruvica) plus bendamustine and rituximab versus placebo plus bendamustine and
rituximab ¢ previouslytreated without 17p deletion

HELIOS was a phase 3, placebotrolled trial comparing ibrutinib added to bendamustine/rituximab
with placebo addedto bendamustine/rituximab in previously treated CLL patients without 17p
deletion3% A total of 578 patients were randomizddl to either ibrutinib (420 mg daily) or placebo, in
combination with 6 cycles of bendamustine/rituximdbllowed by either ibrutihib or placebo alone.
PFS at 36 months was 68% for the ibrutiodmtaining arm and 13.9% for the placebontaining arm.
Median OS was naeached in either arm. MRBegative responses were 26.3% for the ibrutinib arm
and 6.2% for the placebo arm (p<0.001

ibrutinib (Imbruvica)g previously treatedCLL with 17p deletion

RESONATE was a phase 2, opdabel, multicenter study involving 144 previously treated del 17p
deletion CLL or SLL patieft$.Enrolled patients had received a median of 2 previoustineats.

Ibrutinib 420 mg was given orally once daily until progressive disease or unacceptable toxicity. The
primary endpoint was ORR, but there were preplanned exploratory analyses for both PFS and OS. With
a median follow up of 11.5 months, the ORR wé%§95% CI, 56 to 71) according tolR@and 83%

(95% ClI, 76 to 88) according to investigator assessment. The PFS and OS at 24 months were 63% (95¢
Cl, 54 to 70) and 75% (95% CI, 67 to 81), respectively. Serious toxicities observed included major
bleeding(9%) and grade 3 or higher infections (30%), including pneumonia (13%).

ibrutinib (Imbruvica) plus rituximab (Rituxan) versus fludarabine, cyclophosphamide, and rituximab

E1912 was a multicenter, opdabel, randomized, phase 3 assessing the efficacy safdty of
treatment with ibrutinib in combination with 6 cycles of rituximab (n=35dp)mpared to
chemoimmunotherapy with fludarabine plus cyclophosphamide plus rituximab (FCR, #2£9%).
Patients enrolled were previously untreated patients with CLL who »€f8 years of age; patients
with 17p deletion were excluded. The primary endpoint was, RR80OS was assessed as a secondary
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endpoint. Ibrutinib was given at 420 mg daily until diseg@segression or unacceptable toxicity.
Fludarabine was doseat 25 mg/n?, and cyclophosphamide was dodeat 250 mgm?, both
administeredon days 1, 2, and 3 dafycles 1through 6. Rituximab wastarted during gcle 2 for the
ibrutinib arm and incycle 1 fo the FCR armat a dose o650 mg/n? on day 1 of the first cycle, 325
mg/m? on day 2 of the first cycle, and 500 mg#mn day 1 ofthe 5 subsequent cycles, for a total sik
28-day cycles.At a median followup of 33.6 months, PFS was significantly grefdepatients inthe
ibrutinibcrituximab group over chemoimmunotherapy (89.4% versus 72r@%pectivelyat 3 years;
HR, 0.3995% CI, 0.22 to 0.56<0.00]). OSwas also significantly improved with ibrutigifituximab
compared to chemoimmunotherapy (3% versus 91.5%espectivelyat 3 years; HR, 0.1]B5% CI,
0.05 to 0.54p<0.001).

idelalisib (Zydelig) plus rituximab (Rituxan) versus rituximab (Rituxan) plus placebo

A multicenter, randomized, doublelind, placebecontrolled phase 3 trial assesséae efficacy and
safety of idelalisib in combination with rituximab versus rituximab plus placebo in 220 patients with
CLLA% Patients enrolled in the trial were required to have had progressive disease within 24 months
after their last treatment. Additionlly, patients were not eligible to receive cytotoxic agents due to
severe neutropenia or thrombocytopenia caused by cumulative myelotoxicity from previous therapies,
had an estimatedCrClof < 60 mL/minor had significant c@xisting illnesses. Previougatment must

have included either a CD20 antibedsised regimen or at least previous cytotoxic regimens. All
patients received rituximab for a total of 8 infusions and were randomly assigned to either idelalisib
150 mg twice daily or placebo. The primandpoint was PFS. Secondary endpoints were CHR, ORR,
lymph-node response, and OS. At 24 weeks, the rate of PFS wWasn9the idelalisib group, as
compared with 460in the placebo group. The median PFS was 5.5 months in the placebo group and
was not yetreached in the idelalisib group (HR for progression or death in the idelalisib group, 0.15;
95% GIl0.08 to 0.28; p<0.001). The overall response wa&siBlpatients receiving idelalisib compared

to 13%in patients receiving rituximab plus placebo (oddsaa9.92; p<0.001) an@Sat 12 months
favored idelalisib (9% versus 80%; HR for death, 0.28; p=0.02). At the first prespecified interim
analysis, the study was stopped early by the data monitoring and safety board due to improved
efficacy with idelali§i. The 5 most common adverse events in the idelalisib group were pyrexia,
fatigue, nausea, chills, and diarrhea. In the placebo grolg most common adverse events were
infusionrelated reactions, fatigue, cough, nausea, and dyspnea. The most frequentisedverse
events in the two groups were pneumonia, pyrexia, and febrile neutropenia.

idelalisib(Zydelig}cNB f | LJASR avYlfft feyYLK208GA0O fe&YLK2Yl | ¥

A singlearm, openlabel trial evaluated idelalisib (150 mg orallyite daily until evidence of disease
progression or unacceptable toxicity) in 26 patients with small lymphocytic lymphoma who had
relapsed within 6 months following rituximab and an alkylating agent and had received at least 2 prior
therapies?®! The primaryendpoint was ORR as assessed by an independent review committee. The
ORR

venetoclax (Venclexta) plus ibrutinik first-line CLL

A phase 2, opetabel trial (h=80) examined the combination of ibrutinib and venetoclax in previously
untreated highrisk (defined ask1 of the following features: chromosome 17p deletion, mutated TP53,
OKNRY2342YS wmmIlj RSt SGA2Y S dzy Y dzivithiCER Ddsibg cangistedl bE) X C
ibrutinib 420 mg once daily for 3 cycles, followed by the addition of venetoclax with weekly dose
escalation to 400 mg once daily. Combined therapy was administered for 24 cycles. Response was
assessed according to the Intational Workshop on Chronic Lymphocytic Leukemia 2008 criteria and
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minimal residual diseasgMRD)was assessed ow cytometry analysis. After 12 cycles of combined
treatment, 88% of patients had CR or CR with incomplete count recomeay61% had remsson with
undetectable MRD. Responses were noted across all subgroups. Toxicities were consistent with the
known adverse event profiles of venetoclax and ibrutinib including 3 patients who had laboratory
evidence of tumor lysis syndrome.

venetoclax (Vendxta) plus rituximab (Rituxan) versus bendamustin€lreanda) ¢ relapsed or
refractory CLLor SLL

MURANOA phase 3, opetabel trial randomized 389 patientgith relapsed or refractory CLL who had
received 1 to 3 previous treatments receive venetoclafor up to 2 yearsplus rituximabfor the first

6 monthsor bendamustine plus rituximalor 6 months?°® The primary endpoint was investigator
assessed PFS. Thegear rates of PFS were 84.9% for the venetoclax/rituximab group and 36.3% for
the bendamustine/rituximab group (HRD.17; 95% CI0.11 to 0.25; p<0.001). The benefit was
demonstrated across all subgroups included those with 17p deletion. The rate of grade 3 or 4
neutropenia was higher in the venetoclax arm but the rates of grade 3gtrehifebrileneutropenia

and infections was higher in the bendamustine arm. The rate of grade 3 or 4 tumor lysis syndrome in
the venetoclax arm was 3.1%.

venetoclax (Venclexta) plus obinutuzumab versus obinutuzumab plus chlorambgqireviously
untreated CLLwith coexisting medical conditions

CLL14:A phase 3, multicenter, randomized (1:1), multicenter, ofedvel, activecontrolled trial
evaluated the efficacy and safety of venetoclax in combination with obinutuzumab compared to
obinutuzumab with chloranucil in432 patients with previously untreated CLL with coexisting medical
conditions?°* All patients received obinutuzumab at 1,000 mg on days 1, 8, and 15 of cycle 1 and on
day 1 of subsequent cycles for 6 cydleach cycle 28 daydncluded patients wre randomized 1:1 to
either the 5week venetoclax ramypip schedule on day 22 ofde land then 400 mg once daily from
cycle 3 day 1 through cycle or to oralchlorambucil ordays 1 and 15 in all cycles (1 through 1Zhe
median duration of followup was 28 months (range, 0 to B®isease progression or death occurred in
13% of venetoclakreated patients compared to 37% of chlorambtodated patients (PFS HR, 0.33;
95% CI, 0.22 to 0.51; p<0.0001). ORR (CR and PR) occurred in 85% (95% CI,ofvémeé3dylax
treated patients compared to 71% (95% CI, 65 to 77) of chlorarmipeated patients.

venetoclax (Venclextag relapsedrefractory CLL withchromosomel7pdeletion

The efficacy of venetoclax was studied in an ofsrel, singlearm, multicenter phase 3 clinical trial
involving 106 patients with CLL with 17p deletion who had received at lepsbr therapy?®® The
median number of prior therapies the patients in thidy had received was 2.5 (randgeto 10). The
dosing schedule involved a 4 week raonp which resulted in a 400 mg once daily dose beginning on
week 5 of therapy. The primary efficacy endpoint was ORR as assessed by an IRC using the
International Workshp for Chronic Lymphocytic Leukemia updated National Cancer Institute
sponsored Working Group guidelines. At the time of data evaluation, the median time on treatment
was 12.1 monthsAn ORR of 80% was demonstratdthe median time to first response was 0.8
months (range: 0.1 to 8.1 months). The medi2@Rhad not been reached at time of data evaluation.
The DORranged from 2.9 months to over 19 month&n additional 51 patients were enrolled in the
safety expansion cohort and the follewp analysis of the 37 patientswith a median time on
venetoclax of 23.1 months (rang@ to 44.2) was reported® The investigatoassessedRRwas 77%

with 20% having a complete remission and an estimated PFS at 24 months of 54%,(95% ©
62%).
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venetoclax (Venclextag relapsed/refractory CLL aftabrutinib (Imbruvica)or idelalisib (Zydelig)

A phase 2, opetabel trial evaluated venetoclax in patients withlapsed or refractoryCLL, including
heavily pretreated patients or those with a 17p delett®iPrimary endpoints were ORR and safety. In
the subgroup of 36 patients who had previously been treated with idelalisib, the ORR was 67% with 2
patients achieving a complete remission and 1 had complete remission with incomplete bone marrow
recovery. The d@snated 12-month PFSwas 79%. Grade 3 or higher adverse events were primarily
hematologic and no patients experienced tumor lysis syndrome.

venetoclax (Venclextajrelapsed/refractory CLL after or ibrutinib (Imbruvica)

A phase 2, opetabel trial evaluatd venetoclax in 91 patients wittelapsed or refractoryCLL after
previous treatment with ibrutinid®® The primary endpoint was ORR. The median follow up was 14
months and 65% (59 of 91) patients had an overall response. The most common grade 3 or higher
adverseeventswere hematologic toxicity.

Diffuse large Bcell lymphoma (DLBCL)

selinexor (Xpovio) relapsed or refractory DLBCL

The multicenter, multinational, singleérm, openlabel, phase 2b SADAL studNCT02227251)
evaluated selinexor in adults witielapsed or refractory pathologically confirmed DLBCL, not otherwise
specified (NOS), who had received 2 to 5 systemic regifffeéH8.Patients enrolled were not eligible

for autologous HSCT and had a minimum of 60 days since the prior systemic therapgl. & ot5
patients received selinexor 60 mg orally on days 1 and 3 of each week until disease progression or
unacceptable toxicity. The primary efficacy endpoint was ORRD&as evaluated by an IRC using
Lugano 2014 criteria. Although 48 patients wepeladed as they were enrolled prior to version 6 of

the protocol; 127 patients who received selinexor 60 mg were evaluated for the primary outcome. The
ORR was 28% (95% CI, 20.7 to 37) with 15 patients (12%) reaching a complete response and 21 (17%)
partial responseNo patient deaths were determined to be associated with selinexor. It was concluded
monotherapy with selinexor provided durable responses and exhibited a manageable safety profile in
these DLBCL patients.

Indolent NHLg, Follicular LymphomgFLJSmall Lymphocytic LymphomgSLL)

duvelisib (Copiktra) relapsed or refractoryFLpatients

A singlearm, multicenter trial assessed the efficacy of duvelisib in 83 patients with FL who were
refractory (defined as less than a partial remission or pgéawithin 6 months after last dose) to
rituximab and to either chemotherapy or radioimmunotherapyPrimary endpoint was ORR and DOR

as assessed by an IRC. The @&R42% (95% CI, 31 to 54), with 41% of patients experiencing a PR and
1 patient having a R. Of the 35 responding patients, 15 (43%) maintained responsestfanonths

and 6 (17%) maintained responses g2 months.

idelalisib gydelig)c relapsed or refractory patients

A singé-arm, multicenter, operabel, phase 2 study examined 125 pate& with indolent NHL who

had either not had a response to rituximab (Rituxan) and an alkylating agent or who had a relapse
within 6 months after receiving these therapi®d Patients received idelalisib 150 mg twice daily until
disease progression or patiewithdrawal from the study. Subtypes of indolent NHL included follicular
lymphoma (n=72), small lymphocytic lymphoma (n=28), margioaé lymphoma rn=15), and
fe@YLIKZ2LIE FaYFOiAO feYLK2YlF ¢A0K 2 Nhzt0). Pdendzd 2 | f F
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received a median of prior regimens (range2 to 12) and 14 patients had undergone autologous
stem-cell transplantation. The primary endpoint was ORR. Secondary endpoints inElafR&FSand
safety. The ORR was%{95% Cl48 to 66), with 71 responses in 125 patients. Seven pati@dgtjad

a CR, 63 (3@ had a partial response (PR), and 1 patient had a minor response. The median time to
response was 1.9 months (range, 1.6 to 8.3 months). The mé&didwas 12.5 months (rage 0.03 to

14.8 months). The median PFS was 11 months (range, 0.03 to 16.6 months) Wit the patients
remaining progressiofiree at 48 weeks. At the time of data cutoff, the median OS was 20.3 months
(range,0.7 to 22 months) an®Sat 1 year was stimated to be 8% The median follovup time was

9.7 months. Adverse events that occurred in more thaPo2® patients were diarrhea (48), fatigue
(30%9, nausea (3%, cough (299, and pyrexia (28). Adverse events led to discontinuation of
idelalisib (¥delig) in 25 patients. These events included elevations in AST o4%4,Tcdlitis 8%,
pneumonia and pneumoniti2¥9, diarrhea 299, and neutropeniaZ%.

lenalidomide(Revlimid)versus placeba relapsed or refractory patients

AUGMENT was mndomizeal, doubleblind trial with 358 patients who had relapsed or refractory
follicular lymphoma(FL) or marginal zone lymphom#&MZL) which compared lenalidomide plus
rituximabto placebo plus rituximalgpatients randomized 1:1)3 All patientshad previouslyreceivedx

1 prior systemic therapy. Randomization watatified by FL versus MZL Lenalidomide was
administeredas 20 mg once daily fodays 1 to 21of a 28-day cycle forup to 12 cycles or until
unacceptable toxicitydoses adjusted for renal functiomd adverse effects), andh¢ dose of rituximab
was 375 mg/m every week incycle 1and on diy 1 of every 28lay cyclethereafter through cycle 5
Median PFS was 39.4 mont{85% CI, 22.9 to not estimable) the lenalidomide/rituximab arm and
14.1 months(95% ClI, 11.4 to 16.1) the placebo arm (HR.46 95% CI0.34 t00.62, p<0.0001).The
ORR (CR + PR) was 77.5% (95% ClI, 70.7 to 83.4) in the lenalideatédiegroup compared to 53.3%
(95% Cl, 45.8 to 60.8) in the placebo group. In patients with Elghkjective response was 80% (95%
Cl, 73 to 86) with lenalidomide compared to 55% (95% CI, 47 to 64) with placebo.

MAGNIFYvasan openlabeltrial with 232 patients who hadelapsed or refractory follicular, marginal
zone, or mantle cell lymphonfa*Lenalidbmide was administered as 20 mg once daily for days 1 to 21
of a 28day cycle for up to 12 cycles or until unacceptable toxicity (doses adjusted for renal function
and adverse effects), and the dose of rituximab was 375 rgiery week in cycle 1 and oyl 1 of
every other 28day cycle thereafter through cycle 1. patients with FL, the objective response was
59%% (95% CBK1to 66), and the median DOR was not reached at a median fellpvof 7.9 months
(95% Cl, 4.6 t0 9.2)

Mantle Cell Lymphoma

acalabrutinib (Calquence) relapsed or refractory patients

A phase 2openlabel trial in 124 patients with relapsed or refractory mantle cell lymphosse
conducted Patients were given oral acalabrutinib 100 mg twice d&#yThe primary endpoint was
ORRaccording to Lugano classification in addition to a safety analsig.median followup of 15.2
months, 100 patients (81%) of patients achieved an overall response with 49 (40%) achieving a
complete responseThe 12 month ratefor DOR PFS, and Ofere 72% (95% (C62to 80), 67% (95%
Cl, 58to 75), and 87% (95% CI, #1®92), respectivelyThe most common grade 1 or 2 adverse events
were headache (38%), diarrhea (31%), fatigue (27%), and myalgia (dd&ppenia (10%), anemia
(9%), and pneumonia (5%) were the most common grade Bigiter adverse eventsThe median
treatment duration was 13.8 monthg:ifty-four patients discontinued treatment due to progressive
disease (31%) and adverse events (6%).
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ibrutinib (Imbruvica)cg relapsed or refractory patients

Ibrutinib (Imbruvica) was examined in a phaseofentlabel trial in 111 patients with relapsed or
refractory mantle cell lymphom&$ Patients were stratified by the number of previous cycles of
bortezamib therapy(x 2, < 2 or no treatment with bortezomib). Patients were treated with 560 mg
orally of ibrutinib until disease progression or unacceptable toxicity. The primary endpoint was ORR.
Secondary endpoints included response duration, PFSari@iSsdety. At a median followp of 15.3
months, the ORR for all patients was¥6®ith 47%%of patients haing a partial response (PR) and%1

of patients having €R The response to ibrutinib did not vary on the basis of stratified groups. For the
patients whohad a response (n=75), the estimated medi2®@Rwas 17.5 months (rang® to 19.6
months) and the median time to a response was 1.9 months (ratigkto 13.7 months). The
estimated median PFS among all treated patients was 13.9 months (range 21.4months). The
median PFS for patients who had a PR was 17.5 months and the median PFS for those patients who
had a CR had not been reached. Ibrutinib is known to potentially mobilize mantle cell lymphoma cells
from tissues to the peripheral blood and @%f patients in this trial had a transient increase in the
absolute lymphocyte count during the course of ibrutinib treatment, with the peak count occurring at a
median of4 weeks after initiation of treatment. The most common nonhematologic adverse events
occurring in more than 2% of patients were diarrhea (®0), fatigue (4%, nausea (3%), peripheral
edema (289, dyspnea (2%), constipation (2%), upper respiratory tracinfection (234, vomiting

(23%, and decreased appetite (2. The most common infections of grade 3 or higher were
pneumonias. Grade 3 bleeding events occurre8 patients. Four patients had subdural hematomas;

all were associated with falls, head traapor both, and alt patients were receiving either aspirin or
warfarin within 2 days before or on the date of occurrence of the events. Subsequent studies of
ibrutinib have excluded the use of warfarin but permitted the use of other anticoagulants.

lenalidomide (Revlimid); relapsed or refractory patients

MCL001 (EMERGEA multicenter, singlearm, openlabel phase 2trial of single agent lenalidomide
evaluated the safety and efficacy of lenalidomide in 134 patients with mantle cell ymphoma who had
relapsed after or were refractory to bortezomib. Patients were dosed at 25 mg once daily for 21

days every 28 dayslreatment was continued until disease progression, unacceptable tgxasity
withdrawal of consent. Thprimary endpoints wereORRand DOR Secondary endpoints were CR rate,

PFS, OS, and safety. The ORR was 28% and a mé&xRah 16.6 months (95% CI, 7.7 to 26.7 months).
Median PFS was 4 months (95% ClI, 3.6 to 5.6 months) and median OS was 19 months (95% CI, 12.5 t
23.9 months). The most ommon grade 3 to 4 adverse events were neutropenia (43 %),
thrombocytopenia (28%), anemia (11%), pneumonia (8%), and fatigue (7%).

MCL002 (SPRINTA randomized, multicenter, phase 2 study examined 254 patients with mantle cell
lymphoma who had receivedraedian of 2 prior treatment regimens and were ineligible for intensive
chemotherapy or stentell transplantatiorf!® Patients were randomized to either lenalidomide 25 mg
orally days through 21 every 28 days (n=170) or singlgent investigator's choicef therapy (n=84).
Patients who were randomized to investigator's choice were allowed to crossover to lenalidomide
treatment at the time of disease progression. At a median follow up of 15.9 months, PFS was 8.7
months (95% CI5.5to 12.1) for the lenalidonde group and 5.2 months (95%, GI7 to 6.9) for
patients who received investigator choice single agent therapy, (&L [95% CIl0.44 to 0.84
p=0.004])
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zanubrutinib (Brukinsay; relapsedor refractory patients

The accelerated approval @anubrutinib for patients with MCL was primarily based on the findings
from a phase 2, opefabel, multicenter, singlarm study (BGB111-206) conducted in 86 patients in

China with MCL who had previously received at least 1 therapy for*MELAIl patierts received
zanubrutinib at a dose of 160 mg orally twice daily with treatment continued until disease progression
or unacceptable toxicity. The primary endpoint was ORR as determined by an IRC; secondary endpoints
were PFS, DOR, ORR as determined byntrestigator, and safety. Patients between the ages of 18

and 75 years with an ECOG performance status of 0 to 2 who had received previous regimens for MCL
and had disease measurable by computed tomography/MRI (CT/MRI) were eligible for enrollment.
Patientswere also required to have evidence for morphological and cyclin D1 protein or translocation
t(11;14), failure to achieve any response or progressive disease following the most recent treatment,
and a life expectancy > 4 months. Patients with previousosue to a BTK inhibitor, previous
corticosteroid therapy as antieoplastic therapy, major surgery in past 4 weeks, or central nervous
system (CNS) lymphoma were excluded. Patients had to have recovered from previous chemotherapy
toxicity and not have aocte cardiovascular disease, uncontrolled systemic infections, human
immunodeficiency virus (HIV), active hepatitis B or C, or a history of other malignancies within the past
2 years. Patients with liféhreatening illnesses, prior allogengitSCTor who were receiving strong
CYP3A inhibitors or inducers were excluded. Women who were pregnant or lactating were also
excluded. Patients were primarily male (78%) with a median age of 60.5 years (range, 34 to 75) and a
median time since diagnosis of 30 monthange, 3 to 102 monthshe median number of previous
therapies was 2 (range, 1 to 4) with the most frequent previous regimen being either
cyclophosphamide, doxorubicin, vincristine, and prednisone (CHad®d (91%) or rituximabased

(74%). Most patientdad extranodal involvement, and more than half had refractory disease. The
majority of patients (58%) had a low risk mantle cell lymphoma international prognostic index (MIPI)
score, followed by intermediate risk (29%), and high risk (13%). The primalgoiah of ORR
assessment by IRC was 84% (95% CI, 74 to 91), with 59% of patients exhibiting a complete response
and 24% achieving a partial response. The median DOR was 19.5 months (95% CI, 16.6 to not
estimable). Regarding secondary endpoints, the medt&$ was 16.7 months, and the investigator
assessed ORR was 84.7%.

A multicenter, phase 1/2, singlarm, doseescalation study (BGEBL11-AU-003) evaluating 32 MCL
patients who had previously received treatment for MCL provided additional support for tita@ffof
zanubrutinib#?%422 Patients received zanubrutinib 160 mg twice daily or 320 mg daily taken orally. The
median age of patients enrolled with MCL was 70 years (range, 42 to 86) with the majority of patients
being male (69%) and Caucasian (78%). Ratiead intermediate risk MIPI scores (41%), followed by

high risk (31%), and low risk (28%). The ORR by IRC was 84% (95% CI, 67 to 95) for the-previously
treated MCL patients with 22% of patients achieving a complete response and 62% exhibiting a partial
response. The median DOR was 18.5 months (95% CI, 12.6 to not estimable).

Marginal Zone Lymphoma (MZL)

ibrutinib (Imbruvica)g previously treated patients

A multicenter, opeHabel, singlearm, phase 2 study evaluated the safety and efficacy of ibrutinib in
patients with previously treated MZB2h ¥ GKS co Sy NRff SR LI GASyGaz |
with an anttCD20 antibodicontaining regimen, and the median number of prior systemic therapies
was 2 (range, 1 to 9). The primary endpoint was-dB€ssed ORR by 2007 IWG criteria. Patients
received ibrutinib 560 mg once daily until disease progression or unacceptable toxicity. At a median
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follow up of 19.4 months, the IR&sessed ORR was 48% (95% CI, 35 to 62)QRevas not reached

(95% CI, 16.7otnot estimable) and PFS was 14.2 months (95% CI, 8.3 to not estimable). Grade 3 or
higher adverse events occurring in more than 5% of patients included angngamonia,and fatigue.

Ten percent of patients required dose reductions due to adverse evants 17% discontinued
ibrutinib due to adverse effects.

lenalidomide (Revlimid) versus placeliprelapsed or refractory patients

As described above, AUGMENT was a randomized, dblibte trial with 358 patients who had
relapsed or refractory folliculalymphoma (FL) or marginal zone lymphoma (MZL) which compared
lenalidomide plus rituximalo placebo plus rituximab (patients randomized 1*%)While the general
results are described above, in patients with MZL, the objective response was 65% (95%0 @15 t
with lenalidomide compared td4% (95% CR6to 62) with placebo.

MAGNIFY was an opdgibel trial with 232 patients who had relapsed or refractory relapsed or
refractory follicular, marginal zone, or mantle cell lymphoma, as described dfokepatents with
MZL, the objective response was 51% (95% CI, 36 t@mb6)the median DOR was not reached at a
median followup of 11.5 months (95% ClI, 8 to 18.9).

CutaneousTI-cell Lymphomas

vorinostat (Zolinza)

In an openlabel, singlearm, multicenter non-randomized study, 74 patients with advanced CTCL were
treated withvorinostatat a dose of 400 mg once daily. The primary endpoint was response rate to oral
vorinostatin the treatment of skin disease in patients with advanced CTCL (Stage IIB and higher) wh
had progressive, persistent, or recurrent disease on or folloRisgstemic therapiesEnrolled patients

should have received, been intolerant @ not a candidate for bexarotene. Extent of skin disease was
guantitatively assessed by investigatorsngsa modified Severity Weighted Assessment Tool (SWAT).
The investigator measured the percentage total body surface area (% TBSA) involvement separately for
LI 6§ OKSas LA FIjdzSaz YR (dzY2NBR 6AGKAY MH ¢oK2SRel 2N
TBSA for each lesion type was multiplied by a severity weighting factor (1=patch, 2s@adue
4=tumor) and summed to derive the SWAT score. Efficacy was measured as either a Complete Clinical
Response (CCR) defined as no evidence of disease, or Pi¥ §eR 5086 ddcrease in SWAT skin
assessment. ThORRwas 29.7% (22/7495% Cl119.7 to 41.5) in all patients treated withorinostat

One patient with Stage [IB CTCL achieved a CCR. Median time to resporsedags. However, in

rare cases it tookpto 6 months for patients to achieve an objective responsgdnnostat Using a

25% increase in SWAT score from the nadir as criterion for tumor progression, the estimated median
time-to-progression was 148 days for the overall population and 169 days in the 61 patients with Stage
IIB and higher CTC.

Myelodysplastic/Myelopoliferative Disease (MDS/MPD)

imatinib (Gleevec)

An openlabel, multicenter,phase 2 trial was conducted with imatind00 mg daily in patients
diagnosed with lifeahreatening diseases associated with Abl, Kit or platelet derived growth factor
receptor (PILFR) protein tyrosine kinases. Seven of these paiemtre diagnosed with MDS/MPAR.
further 24 patients with MDS/MPD have been reported in 12 published case reports and a clinical
study. Of the total population of 31 patients treated for MDS/MPD, 14 {4&€hieved a CHR and 12
(39%) had a MCyR, including nplete cytogenetic responseéll of the patients identified with a
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translocation involving chromosome 5q33 orl14&ghad a hematologic respons@nly 1 out of 14
patients without a translocation assiated with PDGFR gemiearrangement achieved a CHR.

lenalidomide 10 mg or lenalidomide 5 mg versus placebo

A randomized, doublblind, placebecontrolled, multicenter, phase 3 study (M84) examined the
efficacy and safety of lenalidomide in red bloodllc(RBC) transfusion dependent patients with
International Prognostic Scoring System (IREe8hed Low or Intermediatel-risk MDS associated
with an isolated del(5q) cytogenetic abnormalif§.Patients received lenalidomide 10 mg/day (days 1
through 21)or 5 mg/day (days 1 through 28) on-88y cycles or placebo. Crossover to lenalidomide or
higher dose lenalidomide was allowed after 16 weeks. The primary endpoint wasrdRBfOsion
independence fop 26 weeks. More patients in the lenalidomide 10 mg &ohg groups than in the
placebo group achieved this primary outcome (86.and 42.86 versus 5.9%; respectively, both
p<0.001).

Polycythemia Vera
ruxolitnb @S NE dzda Ay @SadA3alr G2NDa OK2AO0S 2F GKSNIY LERBka

RESPONSE: Ruxolitinib for the treatn@rolycythemia vera was examined in a phase 3, randomized,
openlabel trial#*?°Adult patients who were phlebotomy dependent with splenomegaly (n=222) were
randomized to ruxolitinib at a starting dose of 10 mg twice daily or standard therapy (investigator
choice singleagent therapy). Patients were stratified according to previous response to hydroxyurea
(inadequate response or unacceptable toxicity). The primary endpoint was the proportion of patients
who had both hematocrit control and a reduction of 35%nwore in spleen volume from baseline at
week 32, as assessed by means of centrally reviewed MRI or CT studies. The primary endpoint was
achieved in 21% of patients in the ruxolitinib group versus 1% of patients in the standard therapy
group (p<0.001). Grad3 or 4 anemia occurred in 2% of ruxolitinib patients compared to none of the
standard treatment patients. Grade 3 or 4 thrombocytopenia occurred in 5% of the ruxolitinib patients
versus 4% of the standard therapy patients. Herpes zoster infection wastedpn 6% of patients in

the ruxolitinib group and no patients in the standard therapy grofipa planned 8@veek follow up

and a median exposure of 111 weeks, no patients had continued on the investigator choice arm and
87.5% of those patients had caed over to ruxolitinib, most at or shortly after the 32 week
evaluation?3 In the original ruxolitinib treated patients who had a response, the probability of
YEAYUGlFIAYAy3d KSYFG2ONRG NBalLlRyaSa F2Nl x yn 6SSq:
in 43 of the 44 responding patients at 80 weeks. New or worsening hematologic abnormalities in
ruxolitinib-treated patients were primarily grade 1 or 2 decreases in hemoglobin, lymphocytes, and
platelets. At the time of final analysis, 6 patients had pregged out of the 25 primary responders in

the ruxolitinib study arm, and at 5 years, the probability of maintainihg primary composite
response was 74% (95% CI, 51 to &R).Furthermore, the probability of maintaining complete
hematological remission as 55% (95% CI, 32 to 7@nd the probability of Syear survival in the
intention-to-treat population (without adjustment for cross over) was 91.9% (95% ClI, 84.4 tof@5.9)
ruxolitinib group and 91% 95% CI1,82.8 to 95.4) with best available therapythe most common
adverse event imuxolitinib-treated patients was anemia with similarrates per 100 patienyears of
exposure for ruxolitini(8.9) compared to those who crossed o\818); most casesof anemia were

mild to moderatein severity.Nornthemawlogical adverse events and thromboembolic events were
mostly lower with ruxolitiniotherapy than with best available therapyverall, i was concluded that
ruxolitinib is safe and effective as a letegm therapy in polycythemia vera patients with resiste or
intoleranceto hydroxyurea.
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RESPONSE This randomized, opeabel, phase 3 trial compared ruxolitinib to investigasalected

best available therapy in 149 patients with polycythemia vera who were inadequately controlled with
hydroxyurea and bubad no palpable splenomegdl§z Hematocrit control was achieved in 62% of the
ruxolitinib-treated patients and 19% of the investigator choitreated patients (OR, 7.28; 95% CI, 3.43

to 15.45; p<0.001). The most frequent adverse events were anemia aochifmcytopenia occurring in

14% versus 3% and 3% versus 8% of the ruxolitiedied patients and the investigator choitesated
patients, respectivelyAmong patients who achieved a hematocrit response at week 28, the probability
of maintaining responseip to week 80 was 78% in the ruxolitinib affi.At week 80, durable
complete hematologic remission was achieved in 24% of patients in the ruxolitinib arm versus 3% of
patients initially randomized to the best available therapy arm. There were no new safety signals.

2 f RSYaidNl YQ&a a(MWONRIf 206dzf AYSYAL

ibrutinib

LONHzIAYAO OLYONHzIAOFO nHn Y3 RIEAfE 61+ a& | RYAYAA
macroglobulinemia who had received at least 1 previous treatm&nimprovements were noted in

the median serum IgM levels, median hemoglobin levels, and the amount of bone marrow
involvement. The ORR was 90.5% with a median time to at least a minor response of 4 weeks. The

most common adverse events of grade 2 or highere neutropenia (22%) and thrombocytopenia
(14%), which occurred more commonly in heavily pretreated patients.

A multicenter, operlabel substudy examined 31 patients with WG who had disease refractory to
rituximab, defined as either relapse within 12 nibs of the last dose of a rituximatontaining

regimen or failure to achieve at least a minor respofiSdatients were treated with ibrutinib 420 mg

daily until disease progression or unacceptable toxicity. All analyses reported were descriptive, as the
substudy was not powered for statistical comparisons. At a median follow up of 18 months, the
SaldAYIFGSR tC{ YR h{ 6SNB yc» YR 1> NBALISOGA
5% or more patients included neutropenia (13%), hypertensl®¥4), anemia (6%), thrombocytopenia

(6%), and diarrhea (6%). Five patients (16%) discontinued therapy, 3 due to progression and 2 due to
adverse events.

A multicenter randomized, phase 3 trislompared monotherapy withrituximab to ibrutinib plus
rituximad Ay LI GASyda gAGK 2| f RSHeatiaNihckided bothi [tréatBrnd f 2 0
naive patients and patients who had experienced a prior relapse. Those patients who had previously
been treated with a rituximat® 2 y 4 I A YAy 3 NB I A Y S ¢ mdath Rspange tokthe grior K I R
regimen. Patients were excluded if they had resistance to prior rituxictattaining therapies or had
received rituximab within 12 months prior to the beginning of the trial. Patients (n=150) were
randomized 1:1 to either orabrutinib 420 mg daily or placebaevhile all patients received rituximab

dosed inaccordancewith current treatment guidelines. The primary endpoint was PFS as assessed by
an IRC. Secondary endpoints included time until next treatment, OS, response sastgined
hematologic improvement from baseline as measured by hemoglobin levels, quality, ahlifsafety.

At 30 months, the primary endpoint of PFS was 82% with ibrutituiximab compared to 28% with
placeberituximab (HRO.2 p<0.001). Sustaineithicreases in hemoglobin levetcurredin more of the
ibrutinib-rituximab treated patients compared to the placebituximab group (73% versus 41%
p<0.001).The OS at 30 months was magnificantlydifferent between the 2 groupsut 30 patients in

the placeborituximab group had crossed over to combination ibrutinib/rituximab after disease
progression as confirmed by an IR&ade 3 or higher eventsccurring more frequently in the
combinationarm were atrial fibrillation (12% versus 1%) and hypertengl@%o versus 4%).
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METAANALYSIS

Firstline treatment with next generation TKIs versus imatinib in ML

A systematic review and metmnalysis of 8 randomized trials compared the effectiveness of newer
TKIls dasatinib, nilotinih radotinib [not availablein US], bosutinipand ponatinih in the firstline

setting of CFCML to imatinitf3’¢ KS aiddzRASa Ay Of dzZRSR 2yt & LI GASy(
were naive to any TKI treatment prior to the stu@®f.the 8 included trials, 2 were of nilotinib, 3 were
dasatinih and there was 1 each for bosutinib, ponatingmd radotinib. The goal of the metmalysis

was to compare the outcomes of newer generation Melsusimatinib in the firstline setting of CP

CML and to assess the effect of the risk scoredreatment response in this setting. The primary
outcomemeasuresvere the CCyR and MMR rates at 12 months of TKI treatment. Secondary outcomes
included PFS, Q&nd progression to AP/BP. The pooled analgsisionstrated no difference in the

CCyR (69.2% \sers 60%; RRD.7[95% CIl0.7to1.14]; p=0.15) but a significantly greater MMR (48%
versus 24.5%; RR.63[95% CJ 0.46to 0.87); p=0.005) between the newegeneration TKIs versus
imatinib, respectivelyThe degree of benefit on MMR was found to be indgge Sy & 2 F GKS |
risk stratification (based on either the Sokal risk score or the Hasford risk stheePFS and OS were

not statistically significantly different between the 2 groupewever, the progression rate to AP/BP

was significantly lowein patients treated with newer generation TKIs than those treated with imatinib

(1% versus 3.2%; RR37[95% CIl0.2to 0.67]; p=0.001) at 12 months of treatmenAlthough the

newer generation TKls showed no difference compared to imatinib in thelifiessetting with regard

to PFS or OS at 12 months, there was improved MMR and AP/BP progression. This finding supports the
practice of utilizing nilotinib or dasatinib over imatinib in the fiisie setting of CREML for patients

with initial high risk sores.

Incidence of arterial eventsn TKhreated CML patients

A metaanalysisinvolving 29 studies (n=15,706 patients) examined the incidence of arterial events in
CML patients treated with TK1® The incidence rates of major arterial events were 0.8 per 100
patient-years for noATKI treatments and 1.1 per 100 patieygars for dasatinib, 0.1 per 100 patient
years for imatinib, 0.4 per 100 patiegears for bosutinib, 2.8 per 100 patiepars fornilotinib, and

10.6 per 100 patienyears for ponatinib.

lenalidomide maintenance after HSCT for newly diagnosed multiple myeloma patients

While each of the randomized, controlled trials that compared lenalidomide maintenance to placebo in
the post HSCTesting demonstratedsignificantlyimproved PFS for lenalidomidesated patients, none

of the individual trials were powered to use OS as a primary endpdintetaanalysis was conducted
using data from 3 individual randomized, controlled trials invohangptal of 1,208 patients (605
patients randomized to lenalidomidenaintenance and 603 patients who received placebo or
observation)!®® At a median follomup of 79.5 months, OS was 86 months for the placebo or
observation group and had not been reached tfee lenalidomide group (HR.75; 95% C0.63 to 0.9
p=0.001). The authors concluded that lenalidomide maintenance therapy after HSCT demonstrated a
significantOS benefit compared with placebo or observation.
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SUMMARY

Hematologic malignancies, usuallyolving aberrant bone marrow function, are deterogeneous
group of diseases including leukemias and lymphqgraasvell as multiple myeloma, myelodysplastic
syndrome and other less common malignanci@he focus of oncology research in the eranekt-
generation sequencing is to identify genetic mutations specific for individual diseasedeaertbp
actionable therapeutic interventions capable of modifying fihgact of these mutations and their
associated disease processés.contrast to older cemotherapy agents whose mechanism of action
was minimally specific cytotoxicity, these newer targeted therapies are designed to dysregulate
intracellular signaling pathways and inhibltnormalgrowth factors and tumor angiogenesis.

Modulation of the immme system to fighttanceris another area of intense researchhalidomide
(Thalomid) and the thalidomide analoguesnlidomide (Revlimiddnd pomalidomide (Pomalystare
all classified as immunomodulatory agent&e older cytotoxic agents includedthns review some of
which may stillbe used in routine clinical practicanclude busulfan, chlorambucilhydroxyurea
mercaptopuring procarbazineand thioguanine

Tretinoin, avitamin A derivativejs classified as a differentiating agent as it indutaukemic cells to
mature or differentiate from malignant promyelocytic cells into mature neutrophils.

The remaining agents included in this revjewalabrutinib (Calquencebosutinib (Bosulif)dasatinib
(Sprycel) duvelisib (Copiktra)enasidenib(ldhifa), fedratinib (Inrebic) gilteritinib (Xospata)jbrutinib
(Imbruvica) idelalisib (Zydelig),imatinib Gleevey, ivosidenib (Tibsovo),ixazomib (Ninlaro),
midostaurin (Rydapthilotinib (Tasigng)panobinostat (Farydakponatinib (Iclusig)ruxolitinib (Jakafi)
venetoclax (Venclextayorinostat (Zolinza)and zanubrutinib (Brukinsaare small molecule inhibitors
that target a broad spectrum of intracellular kinas&asdegib (Daurismap ahedgehogpathway
inhibitor that inhibits transmerbrane protein smoothened (SMO) asélinexor (Xpoviojs a nuclear
export inhibitor. After the establishment ofmatinib (Gleevechs the new standard of care fehronic
myeloid leukemia@ML) in the early 2000sseveral secondenerationtyrosine kinase inhibitors (TK]s)
includingdasatinib(Spryceé), nilotinib (Tasign® and bosutinib (Bosulif) were developedand are used
in either the firstline setting instead oimatinib or in imatinib-refractory patientsPonatinib(lclusig) a
third generation TKI for the treatment of CML, is reserved for patients with a particular mutation
(T315I) or for whom no othefKlis indicated, due to its toxicity profilélydroxyurea is approved for
resistant CML.

The use otthe immunomodulatory agentshalidomide, lenalidomide (Revlimidand pomalidomide
(Pomalyst) havéecome part of the standard of cafer transplanteligiblemultiple myelomapatients
including as maintenance therapy after autologous hematopoietic stethtransplant (lenalidomide
[Revlimid]) while panobinostat (Farydalkgnd ixazomib(Ninlaro)are availablgor usein patients with
refractory multiple myelomaln May 2020, pomalidomide also received an Accelerated Approval for
the additional indication ofreating adults with acgwed immunodeficiency syndrome (AlB8)ated
Kaposi sarcoma (KS) after failure of highly active antiretroviral therapy (HA#RWEIl as for the
treatment of KS in adults who are human immunodeficiency virus {iyative Selinexor (Xpovio)
receivedinitial Acelerated Approval for usan combination with dexamethasone for the treatment of
relapsed or refractory multiple myeloma (RRMM) in patients who have reca{veaatior therapies and
whose disease is refractory t§ proteasome inhibitors)x immunomodulatory agents, and an anti
CD38 monoclonal antibodin June 2020, selinexor received Accelerated Approvahétreatment of
adult patients with relapsed or refractory diffuse largec@l lymphoma (DLBCL), not otherwise
specified, including CBCL arising from follicular lymphoma, after at least 2 lines of systemic therapy.
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There are nowseveraltargeted agents approved for certain patients with AML. Midostaurin (Rydapt)
and qgilteritinib (Xospatajre available for AML patients with amdentified FLT3 mutation and
enasidenib (Idhifa andivosidenib (Tibsovo) are approved agents for IDH2 and IDH1 mutated AML,
respectively.Glasdegib (Daurisma¥ approwed in combination with lowdose cytarabine for the
treatment of newly diagnosed AML in adulpatients who arex 75 yearsof age or who have
comorbidities that preclude use of intensive induction chemotheragenetoclax (Venclexta) is also
approved for this specific population in combinatiomith azacitidine, decitabine, or lodose
cytarabine.

Targeted agents$or the treatmentof a variety ofnon-Hodgkir@ lymphomashave beenapprovedas
well. Duvelisib (Copiktra)ibrutinib (Imbruvica) idelalisib (Zydelig)and venetoclax (Venclexjaare
indicated for the treatment ofthronic lymphocytic leukaia @L). Ibrutinib (mbruvicg is also FDA
approved for the treatment othronic graft versus host disease (cGVHhigntle cell lymphomaand
marginal zone lymphomawhile duvelisib (Copiktra) anddelalisib (Zydelighare approved for the
treatment of follicular lymphoma(FL) Acalabrutinib (Calquencegnd zanubrutinib (Brukinsahave
beenapproved for the treatment of mantle cell ymphoma in patients who have undergoherior
therapy. Ruxolitinib (Jakafi) is now appred for corticosteroid refractory acute graft versus host
disease (aGVHD).

CLL, in particulahas seen a huge paradigm shift in disease management with the introduction of
these newer agentdn the past, chemotherapy played a large role in the managere@iL for many
patients however,now acalabrutinib (Calquencejbrutinib (Imbruvica) and venetoclax (Venclexta)
have consistently demonstrated much higher response rates than traditional chemotherapy or even
chemoimmunotherapy combinations. The ongpimanagement of CLL is rapidly evolving due to the
use of these newer agents.

The continued developmerdf targetedagentsprovides many patients with hematologic malignancies
the hope forexpandedreatment options andprolongedsurvival.
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